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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive electrostatic 
actuator, and a manufacturing method thereof, in which high density can 
be realized. 

SOLUTION: A diaphragm substrate 1 and an electrode substrate 2 are * -s- f jf- * 
bonded directly without using any adhesive and a silicon oxide 9 for jk k 1 . ? P 

forming a gap is provided on the diaphragm substrate 1 side. 
Alternatively, a silicon oxide of having a thickness becoming a gap is 
formed by thermal oxidation on a silicon wafer where impurities are 
implanted heavily to the diaphragm substrate 1 on the side being bonded 
to the electrode substrate 2 and then it is patterned into a desired shape 
before being bonded to the electrode substrate 2. 
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»ii§iflSfcaA§^ut!KnyJ13 2«D^«^-C< St. 

54$r^^<f^»)ai-r^fc* s T&S. ddTli4!>2/z 

[0056] 3H(c) fe^-idfci^MSS 

w.t^h^vayms.3 i^uayt^m34Rvm 
f^T^^AX-^t#^. £^ ^io»«ar^^ 

AX-^i. iaa«5 4<0S§2jum. iSai«54tffl 
J3fl€ffi5 1 f:<0S<7)^-v >yrfDjE«5 0 0 nm ( 4 0 0 
nm+lOOnm) t^S. 
[0057] .icoi d CLT^iutSmr^jX 
silS#aVl3 2*^SlgirtS54?r»fi£ 

L^un>sfe&»f,/isjaB«s«3 1 mmm 

5 1 £JBj£Ufc^'J 3 yWRl)*t>%hWmiR4 1 1 £ 

JgtfM-Sfcto^^'J n yWft&3 4 *wmw&3 1® 
tzmtt:*><o?$>h. 

[0058] zcoxotz. mmmibw&miRkim 

r>x. ?mt<mg.7v-tx£m^hzt izx h&sm<r> 
+3.x.-?*fthzttfX'%. ^vymmfifolX, 
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[0059] ZLX. Zcom^. ±&Lt:Xo£. fill 

yy^izfmtozx-ix** yTt%mz<7)z/v ? 

wmmw-=.v? Lxwm&t m&-t& zkiz 
x*). m®mfckwm&kzimmzm\.^TW. 

[0060] ±&lt:XolZ, «GHKiiS'»a 
Z<r>VVXW-V*~?X9kl,X. 4*v&\*ft 

mm&kWBmik zmmm^^TW&m-et 

kWT%h. 

[0061] ifcfc:. *%mtz&mimT?+*.x-? 

nwizmmmz-o^xmbmmi zmtLxwmt 
mzmmmmBm. mumtcrymffim&k 
fM-hxmimm-i-hmfmxhh . 

[0062] H10 (a) tz*tXdlz. *glW£g«i:& 
SvU3>S«6 0tt. SOI (Silicon on Insulato 

r) <r>mm^>^^^mmh. mmzmms 

tubni, y 3 y ffl 6 1 »iPS<offitt£8 fetolSfiKfr 

fi*ki io>-ci>o. ^rtst^^y3v®6 2«. 

*h -e«JSfiffl*fi*i<i oo>-cfcS. gffiiPSXtf 
NS<ovvf*vet>J;<,W. PS«0**«3XhWfc:l±S< 
ifc. ^U3yffi6 1i:^y3Vffi6 2i:0+S 

tzmtit>mmi>>»3ymm6 3Th*). *<m 

Sti#150~2 00jumtf>SOl£«£tefflbfc. CI 
»5/y3>«6 0«iiWi«Hfc8Wl/O**. z\<n 

[0063] (b) tc^-fiafc. -r^ynyg 

«6 0SrA>fag6fl:(T>x-/MHI:)^ K5>fBHfc 

fcvy3>i&U864£»)£Trs. ^fc^co^uay 

[0 0 64] <J:t:. ^0(c)(c^ri^fc:. z.<r>^) 
3 y 6 0 OWffifc 7*M^'.XHK65£ ^fWgft 

( d ) fcijcf J: a fc. SSBiSftt8£JB^ 
T. 7*hP^MS6 5t:S^iHffl<o^-vy7l»^i: 
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[0065] *LT. (e) tZ^tXoiZ. 7*h 
WJx M86 5 SrVX? k LX. 5%^<r>m.cvm. 

xx -/i-y^mn 6 v ~rmn 6 9 jml, 
io 7*hWxMR6 5*N>£t-*. 

[0066] Z0)y* YYVVXY(rmW,Z\^ 7*b 

vvx ht-A-tffifetzmmzm^tiTu-txk 
xYtnrv^yym^km^Lxh^ifi. 
mam?) #&%^XoizLxt5<&mvbh. 

[0067]**>&. zeymmmsLkKhisVziym 

«6 o m4 k mmtz LxBftiLtMmz4 1 k z . 
mi (a> tz9ttx?£mm,izmmmmkm& 

20 Ig£gTl&J££'f S. -E-LT. ( b ) iZvctX 
it. v-U3>««6 0<O^U3>'ffi6HacOX.yf->' 
^81^6 8£SLT»;:ttvvo>£^y nygfl^ 
6 4 £7X7 k LX. -mm<r)T>V*i y&Rtf>*Kfc!fJj 
jgja+t^ynyXlSJ-riL. vy3>B6 1£3S1RW 
fcx.yf-y^LT^fc££D!l&5 3£«J«-t£. & 

!t*OtRa« 5 2 sr^rcv^s . 

[0068] >''j3y»R60^y3>'B 
61<7XX-y^y^i. ^yn>-IHklg644)*etlJMLT 
30 x-yf-v^SiiSi:. &ffljliZx.v1->rWxhvT? 
Sfc«>. ffi^^U3^ili6 2*^^Sa«54S:« 

gjKttoaj-r^fc -e<o^. mm ( c > 
mm4\mmm5 2*mct&. zok*. s/yn 

>M6 2XBti&1XhWgm.5 4 tc^-TSttSISfc L 
T^'Jr7ylKbl86 3c0^^tl^*$tLTl@aS54 
*ggfig$il. ^cOSi»«54tC^(6l-ri,ra«ffi5 1 k 
***v7*WS^Xftft1itt&'m.T9*3.x-9* 

40 [0069] znxotzwmigmizsoiimifr? 
*m#mm^x. z(?mimmmmm.k<ry& 
%mmz. m&imizX'>xT?i-3.x-?v>m*c j r 
vTkKzmzni'VzymmzBfiLLt:®. 
misV3>mmmmc?>&vitzJW-->rL. m 
mmLtms-thztizx^T . mmmfckw&m 
ktmmm^^xmmfeu Rixwrm 
m-htzfrvi'V a >mm*m®m&.mzWLiK$* 
'rnm-j.x—rzmthzktfx'th. 
[ o o 7 o i mz. *mizmmmr?i~j.x.-f 

» msmmmz^xm&wmszmkLxwm 
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m4 (DmmMt $®£LxffmmT?+*-x.~? 
m&xmiwm-i-mvmx'&z. 

[0071] mm (a) iZjp-tXoiz. fifWSSSiS: 

svi>3>s«7 ui, tn&fmnm*! i o>Tf> 

0. WBSrMffit^SLTV^. Z<D : sVa>mg.7 1 

3yS-fc|g7 2£i«»3-ti-£. znttizisOzymfc 
IS7 2coK»(i«iMRcOffiWi:-rS. 
[0072] mm (b) fc^Tidt. y'J^y 
Sfi7lcO^H{c^'j3ygS-fblS745:Jg^-S. is*J 

2Uz\mm&mzimL%\wx'. 
cvD^o*ffi-c^U3yiHtiS74^jat-rs. c 

x-*<9^yTfc^Uv}h7>j?;Sfc-rs. iiftt. 
#4 0 0 nmcD53fcJBj£L>t. 
[0073] ^LT. H0(c) (c^tidtcv-yny 
W&L7 10SBB(C7*M^yXb7 5^»fBL^. H 
0(d) fc^TJ: Stc. PWS3Kffl*fflv>T. g^fflll 
O^-yTlg&fl-fc&S^-y??*:. lgirtR^Jgfi!t-r 

[0074]<^fc. 7* Wi/XY7 5^X^ b. L 

-v»/T|!|P7 9£JBj£U H0(e) fcjF■fJ:3^^7 : i- 
tt. 7*bl^*XM-#-#J^Sligj^£ffio*: 

[0075] M9 (a) iz^rtXd^ m&L 

Km i ms&mt mm%imTmm&&7 1 1 H4 1 
srt«^iS4ii:iBgs^s^. zix. mm 

(b) (tjjttJdfc. ^U3ya«7lfflox^y^ 

mm 7 mftznLxwm&tiwn^z, ^ v a >m. 

K7 4 t bt\ ©jftS^T/^ 'J&B*>*IHfc 

x^f-y^T8SSfc>5r6m&5 3£JBfi£f£. 

m^S41<W*(i}tttx>y^>^^«> 

<nmm5 2*m»x^h. 

[0076] Z?>b%. ^)nyWSL7 lWtyfy/ 

tt. ^'jnyg^tis7 2iT'x.yf->^$ti.sfc > an 
\m7 2frL>%hmmi5 a sm&<m&? z t# 
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x-zt. mm ( c ) £5jk-t£?\zm®&£M7- 

lWja ym&7 4fttfBffig«4 1 <r>m&5 2 
£Bfcil/agiW£54i:. e^R5 4fc«|6l-rSffliS'W 
S5 1 fcfc^yTfcgVvCttfiS^fWST?^ 
x-;?iHt£. 

[ 0 0 7 7 ] Z <0X o fcSSWSfflStv U 3 

mmm t^i^j 3>&mzmizmis.it:ik. 
z<r>mim±.£ : sv ^ >&wm:T9i-^—!?<7>m: 

&&-r&zt££i>). mbmGLtmm&tiwgm 
zm^K^x-wmsfeL. a.~i*vv7zmm-&t:if> 

*x- 9*mm-h z 1 s . 

[ o o 7 8 ] iKfc *mi\zmwm.T9 f^x-^ 

<oi8i*a^4iis«g®t:o^Tai os-#tHutm 

ummttmfmcbi. iter, mm u> tz^tx 
20 ofc. jaa^gfc^Sv»j3ya«8itt, -e-o*gft 

H^rfi^l 1 0>-CS>0. WiB5-Mliifc:8f«LT^S. 

[0079] -eLT. ^UnyS«81t^N*y7r-BS 

-f) .^O^U3y»R81t:CVDffi=&fflV^-C. v-U 
nyS-fKK8 2^«ffl$-frS. zntZOz/Oaymtt. 

[0 080] iJct. I§l0(b) fc^tidt. y'Jny 
««8 1 <0^^Sfc <T)&£ffiQilZ7 thUi^Xh8 5 

30 ^^st. i^h < c ) £5rrt£ o izwm&muzniB 

■?hW3mtW->Uft8 9 eL^V--y/'^t 
5. m^X. Z<D7* hUi?Zh8 5<omWW-> 
&#89*VX?bLX. ^U3>-MflilS8 2$-x^^ 

^lt. ~soa>m{m82*m®mvuzi-&. 

[0081] fit. HH(d) fc*TJ:3t:. 7*h 
3ySS8 1^»Hft-r6. ZtlliZZL-yX. isvzjym 

im8 2 xmhtitim.muimttMtffS.sk^. mm 
£isV*yf&m84im$£ixh. z<r>t%<n^)rx 

40 Vl?ftJl840Ji$tt. ft^T^f-jLX-^O^A-y 

[0 082] <JCIC. 1^0 (e) iZ^tioiZ. ZOi/V 
3 VS«8 1 (OlMiZ 7 it his y'X h 8 5 Sr^S Ut 
ft. MffiS3Ka*fflv^T. ?Ra!fla5^»j£-tS<:4^x 
-/f->^a5^^-y8 6^)SL. ( f ) fc* 
^\k3K. ^y3yi?^)l84 2rx.yf-y^LTx-yf- 
y^HP8 8S-Jg|£L. 7*M^^b85^l^iL 

x. wmmsimh. 

50 [0083] ^<07*hUv^K0i!ll8ttt. 7*YV 
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»*>mm&*- t J (mm*** wxvwm 

[0 0 84] ^com. iMLKsmmmtmmizL 
x. mmm&t%&^jaymi8 1 kwm&L4 1 

□8 8mm Lxmstz^x^z ^ y n ymms 

4%~?X7kLX. mmm<r>7)Uif 'J &«*>*BHfc!HJi8 
?8 8 0t:tJlgfeL^3 0%-KOHJg«) * 

fci'y n U ^'J3yfflR8 1^3^Wfcx 

•y^y^UC«Si:$rSI!0855 3£JBj£ti>. Z<0k 

S'yavfflWKC-y***'!*. S^U3ySlg8lco 
^'Jnyg^k|g8 2^Tx^f-y^^Si:. g&WC 

5 4 < ft 0 iti^ f: S . 

[0085] *<Dfc. HH(g)tc^-J:atJSai^ 
Sfc^SvUnyS«8 ltf5^yr7>«<fc§t84&tfS 

®mL4imm®zm:Lxm§mL5 4t. mms 
4\znmhmm&5 1 1 i^vTZw^xttfoz 

[0086] CIO J: d WHMSSSfci' 'J 3 y»7x^£ 

mmmz kKhisv? vmmm& Lt&. m 
m&tiL-thmyuznx-i'V zymimzmx'*?- 
-yyLtz®. zomttMivxttLxmitzfT 

mmm t g&ti, ^tciot. mmmMkwm 
mktgmmzm^xmg&iirL. 

®m2.r?i-^-?iwm-zz:ktfT$h. 

[0087] ifcfc. *»Wc«S|MfflT**AX-* 
Og£;fri£tf>SfS 5 UStflBSfcovvca 1 1 lxu 

mh. mi u3.mm6£&zmzmmLtemm. 
mmmthmmmxhh. mm u> t^-tiofc:. 

SirtKffiKi:£l>i'y=J>'a«9lli. PStf>titt£ft 

l-o^. z<Di'V3>msL9i<7)m&m&.k<7>m'ism 
kzzmomui. mmmmcozmm^x. ®s 

fc£&J:3fcj£ifcS-£TJ>&. iOS^y ziymiitii^ 
[0088] ifrf. ^<0^UrJ>*«i9 1t{iA. / 7r 

-mmk%&isvzi>mj&m<Bm-& am* 

ffl£9 l<om^|gfcO«^SiffltCVDa$-ffl^-C. 
v y 3 y gflJS 9 3 £ JHK § . 
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[0089] *l/t. Z0)is>)ayW8.91(r>m&ffitii 

&mm>*9-y%ft9 9t:mLt:>*?--yrzi- 

XY9 5<?>WSM>W-yfflt9 9*~?X?kLX. is 

y 3ymttM9 3mmmxuym9 i^^yy 
lx . ■mg&*u>m 9 2 zwmmmz-th . 
[0090] *<m. mm(d) k^i-sk, 7*h 
wjx Y9 5 tMttfcfe. >u vmmw-umx-i'V 

10 3ym&9 HimiL1'&. Z\titz£->X. i»»ay& 

m9 3xmhix^mm^tmM^&^tr. mm 
tzisV3ymm94iffij{Li$ti?>. zokz^v? 
ywnm9 4comzit. mmT?**x-?<D**v 

[0091 1 mm(e) iz^txoiz. 
3>sfi9 \<r)mmfo<Mz^^^yrm,z-7* v 
wxY93*tm\,t&. vmmxmm^x. mm 
m*ffi£tht:)b(r)*~/+y?fflnmftk%Z'-<?-y 

20 96£»j£U mmif ) iZ5*?£o^ H3J«lt 
S9 4 ^x .y^y^LTX-yf-y^p 9 8 
7*M^^h9 5&^*LT. ^y=J>-Mfl«9 3Sr 

[00 92] i<07* hVxXhiOiilSlfctt. 

30 [0093] *<m.. ±M Lti&mmmk mmtzt 
x. wmm6Lk%hisV3ym&9ikmim&.4i 
tzmmsi. isvaymi9 imnx.*r*yrwm 
□6 imznLxmatz-o^x^hisv ^>wm9 
4*-?x9kLx. &m&<r)7)vtv-mn*mxm 

m^z^J^yWSL^L. ^Un>ffl«-S8?Wfcx«y 

*yn.xmLk%hw&5 3*m&th. c:ot#. 
i^u 3ys«(0X7f>/»i 5/ y 3>s«9 1 fcay. 

3*lfc£»g*ny»9 2a-Cx.y^y7'3ft.£i:. a 
40 %&WmL54t:ftg.&<miiii-Z:k1fi?ZZ>. 

[0094] z<7>&. mm(s) tzKtxoizmim 

tf.k%his>)?ymg.9l<7)i,»aymm94AVm 

mfc4immmtmiLxmm6L5 4k. msms 

4t«l6rtSfflSlKffi5 1 k£¥*v7$W^XMfa$ 

[0095] ^<oi d tzmmtzimimfcnimm. 
k <msmmzmm.<vttm ! &AzivK:>' vayv 
*A£jflvvt\ znisvrty^ji^cQ&smmcrmm 

so kx*. mftkK&mmw-immizwiftL. 
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^-ffrmfvvrtKhmzw&tfLLixk. ^x . 101011 z<oy*bi/ ; jxh(D§mizii.y*h]s 

tzmzu immRtnte-thztizx*). mm®& vxbt-t-tf^-tmmmzm^tiTu-bxbi- 

[oo96] *^t:^s»^r^^^x-^ toio2] zm.. mm is) iz^tx o m&L 

emkmwmemmmtz^zmi 2*mtLxm. timimmmbmmtztx. msmmLtzz^va 

wt&. mmitmmnz^mm^^mitim ywsn oowjaymi o i &wm&4 1 ktt« 

&m&ffitt&mm?t> s . io . awist lt % ^ »j n y»s i o oaco 

[ 0 0 9 7 ] ( a ) k*-tJ; o fc. giMSfflSfc* x^y^JHoHn 1 0 8&5#£SLT*fflC:oVvO* 

Sv'javSSlOOJi. SOIfltg^fto^i/sfciflJ Sv'j3>'i£fljgl0 4£vx?i:l/t\ jSiSgWA- 

ffl-TS. iSaiSSr^Oatf^Ov'JnyHl 0 IliP ^'J^R^^KflilijJSa+t^'J affflRfcaU vU 

a<^«ttSr^-?-ofeaBD*tt*«<i i o>-e*o. wm oymimmtxv+y-rix. wmtziims 3 

fifc^:S^'J3>'ffll0 2tt. imimWffi.cr>mZ (CI £»Ji!tt£. £^fc#i''J=i>'£«U0 0<OX.yf->'7' 

dt1i#2/xm) fcttBfTfcD. ^<0*Saffi*fitt< :*SO lS«<OJHa»ti§rej>£i' 0 3>BHt 

1 oo>-c&s. ffittttPsaws<ov^-r<i'ctJ:v^ si o3<oM«*T<st. &¥miz*vi->ytfxh 

\t^Jaymfmi0 3XS>*). *<DJf3ti»l50~ 20 [0103] ^J:3t. SBlSfflSt:SOl«jt^ 

2 0 0^m<OSOIfflSi&ffifflLt„ C1<^>J3>£« o¥gft£&*J§tvr, £*>^{fcg8i?>1i«K«fctf> 

i oo z&mmk ixttm-tt. ^xmcth^tx. mmt tc&m&imzwm 

[0098]5fci\ ^JaymR3 0iz^yrmim fcBtfkU T?^z-3--9<r>m**~;y*bts:hW£iiZ 

lx. m®{b) fc^ripfc. zvisvaymiio ^tsitci^t. mpmfctwm&t 

OlCCVDMfflv^T. ^'JaySftJgi l 0£it« 8IS:Jflvv5:i,vce&&£U flo^-yTSrJgjRTSTt 

*LT. ^U3>««l0 0O»^iijfflK7* «x7)^'J3yl!flJgi&iaft«^Sfflifca»-W:»^r^ 

hlsStth 1 0 5£gffiU fifi^<^tt££-rS§H£ ^x-?£gji3-&£fc#-c#&. 

^*-yS5#l 0 9S:«tfe^-xy^Sr-rs. 30 [0104] iKfc. *mUz&&%mMT7j-j-X.-7 

[0099] m^x .mm(c) iz^tx oiz.y*h emmmnmmmi&iz^xm 1 1 zm^xm, 

v : Jxb\05<rmm>w-vm\09*^x?t trs. (a) amin*ee®fc:tJtts«Ms®ts 

LT. W^vmmi 10&^ynyBi0 2S:x ^HBnoHitJBffi^. US ( b ) ttSg2ftJBB®fc:fc»t£ 

•y^y^UTSHrtgojBttfcatoatf. mm mmm^cm<rmmm^fm^mxh h . 

(d> K5rr«td*c7*M^^xM0 5s-iiifiitJt *ee©fcfcv^Ttt. g»«£«3 ix«6 icomma 

>*>r nufk^^Tv y ^vwsl i o o *anfl: tzmmimtz txmktm -?*m<)m m± 

th. ztuzx^x. isvaymtmi 1 oxmbtix: -rafcor&s. nmmt. mumoumxi'Vay 

tmztm&Bvm&tr. mwizisvaymttmi iM«*»*i/cfcjtnu i~ci,zb&~>vaymm 

04#»j£3*tS. ZVtZ^JayMttmi0 4(Om 34. 64$r^<SLT*fiSISll lbLX^XW 

Stt. »3ST;7^x-^^.yTfc^Uv»-<oJS 40 ^ixtiO. «^R<o^i^rffi^i*l&&^<?iS. 

vIlvITii. »4 0 0i«m<OffStC)g«L3t. [0105] *MCffiS»^7^f iX-^ 

[0 1 00] I^H (e ) t^^-iot^ ^Oi^'J «0SSj*Jrffi^8HiteB®t^Tai 25r#gSUTit 

3^S«1 OOco^ynyffll 0 1 ^coBflg|5»lS^«) tPTt^.. HI 2ttit^l 0t«SHBBi&3iffltfcSfii 

fmmxmtm^x. mmz&m-hfinboxvi-y ( a > tc^^B^st^s^y n^aigi 2 1«. p 

^iip 1 0 6t%iw-y*&&L. mm ( f ) fc^ a<offitt^^-e^issB*fi*«< 1 1 o*og«-ej> 

i-idfc:. ^'jaye^isi 04Srxyf-y^LTx-/ mmw&bm£mmmmizitkifx^z>. 

^y/^P108S:^L. 7thPyXM0 5li [0106] -ec-C. (b) tcflrfidtc. Z.<T>v 

*UT. vUaygfl«l lOSrl^LTfilW^SS- Voym&l 2 lmwtzsi yy r&mbKhi'V? 

m. 50 ^USl24$-iSll^fc:J:^TJBfi!ttS. 
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O^U ny&fclg 1 2 A<?)Wmt. «7x y foc-yf-y^ 

(mmm )DtM/yxM25 tmftit:®. n& 
tftmh&smxmu 1 2 em^tn x 

t. v'JnySKblgl 2 4*X7fy/LTliDl 2 6 
[0108] fLT. I^H (c) tc^tiafc. 7*h 

h 1 2 5 £Bi5*u ^«s<or/^ y &Btf>*ig 

-fUMPa+K^'J 3^S«1 2 1 £iIU S/UayBt 
h. ZZTli. »3 0 0nm<?D»$t:fCX.y^y^L 

Kfc&si'yny&fLKi 27<r)m\m\ oo^mo 

[0l0913;fc. HH (d) (c^tidfc. mffifc* 
S^fife^A$*Ut^U 'J 3 y 1 2 8 £ C VD3^> 

Stt#10 0/*mfcU;. ^fyrtWy'J 
3^85^1 2 9 ZCVDmalttTimL. Hffi*>*& 

[0 110] y*h\si7XVZm#U Ztl* 

mmcojmizmx-imLTmsmicow-yi 30 

£)&£Lfca. P?0 (e) C*1-J:3fc:. ZO)?*YV 
itxhow-yZvxfkLX. yU3VlHhei2 
9. «figtr«-C*S>-Ky^Unyi2 8. 5/»j3>ift 
IS 1 2 7 fcxyf-y^U E0 ( f > HSrt J: 3 7 
* h*9-> 13 0 *»*LT#'J x'J 3 y*> 

[oiii] zzx-it. y >* v^f-yy\zii'>xWBt 

m&mdfi. 01 5<,z*t£o\,z. ^-v-yTfc&Sv 
2 9**«Lfc». KB ( e ) izm-X 
3tCMP (Chemical Mechanical Polishing) MeCryft 

are. *\)3>wRi2i$m±-cmaLxt>8\\ £ 

[0 112] maoJ:d^*ffiT««rtSSSt 

[0 113] iridic. m^lS^'JnysSLh^ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an ink jet head at an electrostatic type actuator and its manufacture 

approach list. 

[0002] 

[Description of the Prior Art] The ink jet head used in the ink jet recording apparatus used as image recording equipments, 
such as a printer, facsimile, and a reproducing unit The regurgitation room which the nozzle hole which carries out the 
regurgitation of the ink droplet, and this nozzle hole open for free passage (it is called a liquid room, a pressure room, a 
pressurization liquid room, ink passage, etc.) It has an energy generation means (actuator) to generate the energy which 
pressurizes the ink of this regurgitation interior of a room. Pressurize regurgitation indoor ink by driving an actuator, an 
ink droplet is made to breathe out from a nozzle hole, and the thing of the ink on demand which is the need for record and 
which, by the way, carries out the regurgitation of the chisel ink droplet is in use. And it is divided roughly into some 
methods by the control approach for controlling the generating approach of an ink droplet (record liquid), and the flight 
direction. 

[0003] As an ink jet head using an electrostatic type actuator, here as indicated by JP,4-52214,A, JP,3-293141,A, etc. The 
2nd substrate (electrode substrate) which formed the diaphragm which forms one wall surface of a liquid room and this 
liquid room by etching in the 1st substrate (diaphragm substrate) which consists of a silicon substrate, and formed the 
electrode in this 1st substrate bottom is arranged. By constituting an electrostatic type actuator from putting a 
predetermined gap on a diaphragm and making an electrode counter it, and impressing an electrical potential difference to 
the diaphragm of this actuator, and inter-electrode The thing which makes an ink droplet breathe out from the nozzle 
which a diaphragm is sagged, and the content volume of a liquid room is changed, and is open for free passage in a liquid 
room with electrostatic force is known. 

[0004] In the ink jet head using such an electrostatic type actuator, the gap precision for using electrostatic force is 
important. When manufacturing the ink jet head for obtaining a high definition image especially, the dot of high density 
must be realized and the pitch which can be used as a diaphragm also becomes small. And if the magnitude of a 
diaphragm becomes small, in order the big force for making a diaphragm transform will be needed and to generate the big 
force with an electrostatic type actuator, driver voltage given between a diaphragm and an electrode is enlarged, and 
electric field are strengthened, or a gap is made small, and an approach only has strengthening electric field. 
[0005] In this case, since problems — power consumption increases - increase while a drive circuit becomes expensive, 
and enlarging driver voltage cannot use a general-purpose article depending on the case but it will cause much more cost 
quantity, a gap is controlled with a sufficient precision, without enlarging applied voltage (driver voltage), and to drive an 
actuator about a smaller gap is desired. 

[0006] In order for a place to manufacture the ink jet head of high density which exceeds for example, 150dpi, the gap of 
a diaphragm and an electrode must be set to 1 micrometer or less. Moreover, when the method which drives a diaphragm 
in the condition that a non-contacting drive, i.e., a diaphragm and an electrode, does not contact as a drive method of a 
diaphragm is adopted, it must manufacture so that a diaphragm and an electrode may not contact by deformation of a 
diaphragm. Thus, in order to form a highly precise gap, it is desirable to use semi-conductor manufacturing technologies, 
such as LSI. 

[0007] In this case, when carrying out gap control, the junction approach of an electrode substrate and a diaphragm 
substrate becomes important. That is, even if it manufactures an electrode substrate and a diaphragm with a sufficient 
precision using a semi-conductor manufacturing technology, if gap precision goes wrong in the junction, a high density 
ink jet head is unutilizable. Then, joining directly using a silicon substrate is known. 
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[0008] This direct junction joins both substrates by adding lamination and heat treatment for both substrates calmly, after 
performing hydrophilization processing to a substrate front face. Since this direct junction does not necessarily perform 
special processing, the front- face nature which that substrate has is very important for it. For example, surface roughness, 
a surface swell, etc. have big effect on junction nature, and generally, if there is about 15nm or more of surface roughness, 
it is supposed that junction nature worsens them (for example, application physics the 60th volume the 8th (1991) P.790). 
[0009] That is, when performing direct junction of a silicon substrate, don't be the last process which would damage a 
plane of composition. However, in a semi-conductor manufacture process, since the process which may damage junction 
front faces, such as the washing according to an ion implantation, the ashing process of a photoresist, and chemicals in 
process and etching, is repeated, a process design becomes important. 

[0010] Therefore, for example, anisotropic etching is performed to a silicon substrate, an electrode slot is formed, and the 
approach of joining a diaphragm substrate and an electrode substrate by anode plate junction is performed as indicated by 
JP,5-50601,A and JP,6-71882,A. Under the environment heated at about 300-450 degrees C, anode plate junction 
impresses the electrical potential difference of hundreds of volts between the substrates which should be joined, and joins. 

[0011] 

[Problem(s) to be Solved by the Invention] However, as mentioned above, in joining a diaphragm and an electrode 
substrate by anode plate junction, there is a problem of the concern by which a junction will be destroyed if an electrical 
potential difference is impressed to the semi-conductor substrate with which the junction diffusion layer was formed 
under an elevated temperature, and one substrate being mostly limited to a glass substrate. If a substrate is limited to glass, 
formation of a very small gap will become difficult from the problem of process tolerance. 

[0012] This invention is made in view of the above-mentioned point, and it is cheap and aims at providing with an ink jet 

head the electrostatic type actuator in which densification is possible, and its manufacture approach list. 

[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the electrostatic type actuator 
of claim 1 By the silicon oxide which turns into an insulator layer in the diaphragm substrate in which the diaphragm was 
formed, and the electrode substrate in which the individual electrode was formed, form a gap and it joins. In the 
electrostatic type actuator which said diaphragm deforms by impressing an electrical potential difference between said 
electrodes and diaphragms, it considered as the configuration which prepared the silicon oxide for joining said diaphragm 
substrate and electrode substrate directly without using adhesives, and forming said gap in said diaphragm substrate side. 
[0014] After the manufacture approach of the electrostatic type actuator of claim 2 formed the silicon oxide of the 
thickness it is thin about said gap with thermal oxidation at this silicon wafer using the silicon wafer with which the high- 
concentration impurity was injected into said diaphragm substrate at the plane-of-composition side of said electrode 
substrate of a semi-conductor substrate, it considered as the configuration which carries out patterning to the configuration 
of a request of the silicon oxide by the side of a plane of composition and which joins to said electrode substrate in the 
manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of above- 
mentioned claim 1 . 

[0015] After the manufacture approach of the electrostatic type actuator of claim 3 formed the silicon oxide of the 
thickness it is thin about the need gap of an actuator by the oxidizing [ thermally ] method at a plane-of-composition side 
with said electrode substrate of this semi-conductor substrate using the semi-conductor substrate which has SOI structure 
in said diaphragm substrate, patterning of it carried out to the configuration of a request of the silicon oxide by the side of 
a plane of composition, and it considered as the configuration which joins to said electrode substrate in the manufacture 
approach of the electrostatic type actuator which carries out the electrostatic type actuator of above-mentioned claim 1. 
[0016] The manufacture approach of the electrostatic type actuator of claim 4 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 A silicon substrate 
is used for said diaphragm substrate. On a plane of composition with said electrode substrate of this silicon substrate After 
forming silicon oxide even in the thickness it is thin about the need gap of an actuator on this nitride after forming the 
silicon nitride used as the thickness of said diaphragm in the whole surface, patterning was carried out to the configuration 
of a request of the silicon oxide by the side of a plane of composition, and it considered as the configuration joined to said 
electrode substrate. 

[0017] The manufacture approach of the electrostatic type actuator of claim 5 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 After using a 
silicon wafer for said diaphragm substrate and forming the silicon nitride used as the thickness of said diaphragm on a 
plane of composition with said electrode substrate of this silicon wafer, After leaving and carrying out patterning of the 
silicon nitride only to the field which forms said diaphragm, It oxidized thermally by having used this nitride as the mask, 
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and said silicon substrate was oxidized alternatively, and after growing up an oxide film even into the thickness it is thin 
about the need gap of an actuator, it considered as the configuration joined to said electrode substrate. 
[0018] The manufacture approach of the electrostatic type actuator of claim 6 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 After carrying out 
the mask of the field used as said diaphragm by the side of the plane of composition of this silicon wafer to said 
diaphragm using the silicon wafer with which the high-concentration impurity was poured in at the plane-of-composition 
side with said electrode substrate of a semi-conductor substrate, by oxidizing by thermal oxidation After forming in the 
thickness which oxidizes alternatively and serves as a need gap of an actuator except the field used as said diaphragm, 
said mask was removed and it considered as the configuration joined to said electrode substrate. 
[0019] The manufacture approach of the electrostatic type actuator of claim 7 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 After carrying out 
the mask of the field used as said diaphragm on a plane of composition with said electrode substrate of this semi- 
conductor substrate using the semi-conductor substrate which has SOI structure in said diaphragm substrate, by oxidizing 
by thermal oxidation It oxidized alternatively except the field used as said diaphragm, and after forming an oxide film 
even in the thickness it is thin about the need gap of an actuator, said mask was removed and it considered as the 
configuration joined to said electrode substrate. 

[0020] The manufacture approach of the electrostatic type actuator of claim 8 was considered as the configuration which 
left the thin film of silicon oxide to the plane-of-composition side of said diaphragm substrate during patterning of an 
oxide film, or oxidized thermally again after patterning termination, and formed the oxide film in the diaphragm 
background in the manufacture approach of above-mentioned claim 2 or the electrostatic type actuator of 3. 
[0021] The manufacture approach of the electrostatic type actuator of claim 9 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 Said electrode 
substrate forms the resist pattern corresponding to said electrode on a silicon substrate, and uses this resist pattern as a 
mask. It had the process which performs the postheat treatment which performed the ion implantation and forms a barrier 
layer, and before joining to said diaphragm substrate, it considered as the configuration which joins the oxide film of a 
plane of composition to the account diaphragm substrate of back to front removed completely. 
[0022] The manufacture approach of the electrostatic type actuator of claim 10 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 After said 
electrode substrate deposits the polish recon film or metal system electric conduction film with which the impurity was 
poured in on the silicon substrate, The silicon oxide used as an insulator layer was formed, and the protective coat of a 
wrap configuration was formed for the electrode pattern, and after exposing the silicon substrate which etches by using 
this protective coat as a mask, and serves as a plane of composition, it considered as the configuration joined to said 
diaphragm substrate. 

[0023] The diaphragm substrate with which the electrostatic type actuator of claim 1 1 formed the diaphragm and the 
individual electrode, By the silicon oxide which turns into an insulator layer in the electrode substrate in which the 
common electrode was formed, form a gap and it joins. It is the electrostatic type actuator which said diaphragm deforms 
by impressing an electrical potential difference between said individual electrodes and common electrodes. Said 
diaphragm substrate is a silicon substrate of low resistance, and said diaphragm substrate and electrode substrate were 
considered as the configuration which prepared the silicon oxide for joining directly without using adhesives, and forming 
a gap in said diaphragm substrate side. 

[0024] The manufacture approach of the electrostatic type actuator of claim 12 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 1 On a silicon side 
with the 1st conductivity type which the semi-conductor substrate which forms said diaphragm has SOI structure, and 
serves as a plane of composition After forming the silicon oxide of the thickness it is thin about the need gap of an 
actuator by the oxidizing [ thermally ] method, Patterning of the silicon oxide by the side of a plane of composition is 
carried out to a desired configuration by the resist. After performing the ion implantation which serves as the 2nd 
conductivity type by using this pattern film as a mask and forming an individual electrode in diaphragm each, it 
considered as the configuration which activates the ion poured in with the heat of the direct junction at the time of 
junction to a silicon substrate. 

[0025] The manufacture approach of the electrostatic type actuator of claim 13 In the manufacture approach of an 
electrostatic type actuator of manufacturing the electrostatic type actuator of above-mentioned claim 1 1 After forming the 
silicon nitride used as the thickness of a diaphragm on the silicon side where the semi-conductor substrate which forms 
said diaphragm is a silicon wafer, and serves as a plane of composition, Deposition formation of the silicon oxide is 
carried out on this nitride even at the thickness it is thin about the need gap of an actuator. By depositing the conductive 
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film on the diaphragm substrate to which this resist was attached, and removing the conductive film of parts other than a 
diaphragm the whole resist film, after carrying out patterning of this silicon oxide to a desired configuration by the resist 
After forming an individual electrode in diaphragm each, it considered as the configuration directly joined to a silicon 
substrate. 

[0026] The nozzle to which the ink jet head of claim 14 carries out the regurgitation of the ink droplet, The diaphragm 
which forms the wall surface of the regurgitation room which a nozzle opens for free passage, and this regurgitation room, 
and this diaphragm are equipped with the actuator which consists of an electrode which set the predetermined gap and 
carried out opposite arrangement. It considered as the configuration which said actuator becomes from said claim 1 or the 
electrostatic type actuator of 1 1 in the electrostatic type ink jet head which makes an ink droplet breathe out from said 
nozzle by impressing an electrical potential difference between said diaphragms and electrodes. 
[0027] The nozzle to which the ink jet head of claim 15 carries out the regurgitation of the ink droplet, The diaphragm 
which forms the wall surface of the regurgitation room which a nozzle opens for free passage, and this regurgitation room, 
and this diaphragm are equipped with the actuator which consists of an electrode which set the predetermined gap and 
carried out opposite arrangement. In the electrostatic type ink jet head which makes an ink droplet breathe out from said 
nozzle, said actuator considered as the configuration which consists of an electrostatic type actuator manufactured by the 
manufacture approach of either said claim 2 10 and 12 thru/or 14 by impressing an electrical potential difference between 
said diaphragms and electrodes. 
[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained also with reference to an 
accompanying drawing. Drawing 1 is the typical sectional view showing the 1st operation gestalt of the ink jet head 
equipped with the electrostatic type actuator concerning this invention. This ink jet head is equipped with the electrostatic 
type actuator concerning invention of claim 1 . 

[0029] This ink jet head is equipped with the diaphragm substrate 1, the electrode substrate 2 formed in this diaphragm 
substrate 1 bottom, and the nozzle plate 3 prepared in the diaphragm substrate 1 bottom, and forms the regurgitation room 
(liquid room) 6 which two or more nozzles 5 which carry out the regurgitation of the ink droplet, and each nozzle 5 open 
for free passage. 

[0030] The crevice 7 which forms the liquid room 6, the diaphragm 8 which serves as nothing and a common electrode in 
the pars basilaris ossis occipitalis of a crevice 7, and the silicon oxide 9 which forms a gap with the electrode of the 
electrode substrate 2 are formed in the diaphragm substrate 1. In addition, the fluid resistance section which opens for free 
passage the common ink room and common ink room which supply ink, and the liquid room 6 is formed in the liquid 
room 6 at the common liquid chamber portion material made to intervene between this diaphragm substrate 1, or this 
diaphragm substrate 1 and nozzle plate 3. 

[0031] The individual electrode 10 which counters through the gap formed by the diaphragm 8 and silicon oxide 9 of the 
diaphragm substrate 1 is formed in the electrode substrate 2. The actuator for pressurizing the ink in the liquid room 6 and 
making it breathe out from a nozzle 5 with these diaphragms 8 and individual electrodes 10 is constituted. 
[0032] Here, the silicon oxide 9 which joins the diaphragm substrate 1 and the electrode substrate 2 directly without using 
adhesives, and forms the gap of a diaphragm 8 and the individual electrode 10 is formed in the diaphragm substrate 1 side. 
Without generating that of the plane of composition of the diaphragm substrate 1 and the electrode substrate 2 by this, 
when manufacturing an actuator using a semi-conductor process, the actuator section by direct junction can be obtained, 
gap precision can improve and the ink jet head of high density can be obtained more. 

[0033] Next, drawing 2 is the typical sectional view showing the 2nd operation gestalt of the ink jet head equipped with 
the electrostatic type actuator concerning this invention. This ink jet head is equipped with the electrostatic type actuator 
concerning claim 1 1 . 

[0034] This ink jet head is equipped with the diaphragm substrate 1 1, the electrode substrate 12 formed in this diaphragm 
substrate 1 1 bottom, and the nozzle plate 13 prepared in the diaphragm substrate 1 1 bottom, and forms the regurgitation 
room (liquid room) 16 which two or more nozzles 15 which carry out the regurgitation of the ink droplet, and each nozzle 
15 open for free passage. 

[0035] The crevice 17 which forms the liquid room 16, the diaphragm 18 which makes the pars basilaris ossis occipitalis 
of a crevice 17, the individual electrode 20 prepared in the diaphragm 18 corresponding to each liquid room 16, and the 
silicon oxide 19 which forms the gap of a common electrode and the becoming electrode substrate 12 are formed in the 
diaphragm substrate 1 1. In addition, the fluid resistance section which opens for free passage the common ink room and 
common ink room which supply ink, and the liquid room 16 is formed in the liquid room 16 at the common liquid 
chamber portion material made to intervene between this diaphragm substrate 1 1, or this diaphragm substrate 1 1 and 
nozzle plate 13. 
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[0036] The individual electrode 20 of the diaphragm substrate 1 1 and the electrode substrate 12 counter through the gap 
formed by the silicon oxide 19 of the diaphragm substrate 11, and constitute the actuator for pressurizing the ink in the 
liquid room 16 and making it breathe out from a nozzle 15 with the diaphragm 18 and the electrode substrate 12 
containing these individual electrodes 20. 

[0037] Here, the silicon oxide 19 which joins the diaphragm substrate 1 1 and the electrode substrate 12 directly without 
using adhesives, and forms the individual electrode 20 of the diaphragm substrate 1 1 and the gap of the electrode substrate 
12 is formed in the diaphragm substrate 1 1 side. Without generating that of the plane of composition of the diaphragm 
substrate 1 1 and the electrode substrate 12 by this, when manufacturing an actuator using a semi-conductor process, the 
actuator section by direct junction can be obtained, gap precision can improve and the ink jet head of high density can be 
obtained more. 

[0038] Next, the 1st operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 3 thru/or drawing 5 . In addition, the explanatory view explaining the 
production process of the diaphragm substrate which applied invention which drawing 3 requires for claim 2, the 
explanatory view explaining the production process of the electrode substrate which applied invention which drawing 4 
requires for claim 9, and drawing 5 are the explanatory views explaining the process which joins the diaphragm substrate 
of drawing 3 , and the electrode substrate of drawing 4 , and manufactures an electrostatic type actuator. 
[0039] First, crystal- face bearing with the polarity of P type is the substrate of <1 10>, and the silicon substrate 31 which 
turns into a diaphragm substrate as shown in drawing 3 (a) is grinding the both sides to the mirror plane. Such a silicon 
substrate is used for using the field anisotropy of the wet etching rate of silicon, and acquiring an accurate processing 
configuration. 

[0040] By the solid-state diffusion method etc., high-concentration boron is poured into the near field used as a plane of 
composition with the electrode substrate of this silicon substrate 31, and the high concentration boron layer 32 is formed 
in it. The thickness of this high concentration boron layer 32 is diffused so that it may become the thickness of a 
diaphragm. This silicon substrate is used as a start ingredient. 

[0041] and it is shown in this drawing (b) ~ as — this silicon substrate 31 — PAIRO oxidation (wet oxidation) -- it 
oxidizes by law and the oxidizing [ thermally ] methods, such as dry oxidation, and silicon oxide 34 is formed in the front 
face of a silicon substrate 31. Let thickness of the silicon oxide 34 at this time be the thickness of a part equal to the gap of 
an electrostatic type actuator. It formed in the thickness of about 400 micrometers with this operation gestalt. 
[0042] Next, as shown in this drawing (c), after carrying out spreading formation of the photoresist film 35, as shown in 
this drawing (d), the opening pattern 37 which serves as a gap part of the diaphragm by the side of a plane of composition 
and an individual electrode at the photoresist film 35, and the pattern 36 used as the etching opening part for forming a 
diaphragm are formed in both sides of this silicon substrate 31 using a double-sided exposure machine. Here, a double- 
sided exposure machine is used for securing the alignment precision of the pattern 36 used as the opening pattern 37 used 
as a gap part, and an etching opening part. 

[0043] And silicon oxide 34 is etched by using the photoresist film 35 as a mask using the hydrogen fluoride solution of 
about 5% of concentration, and as shown in this drawing (e), after forming the etching opening 38 and the gap opening 39 
in silicon oxide 4, the photoresist film 35 is removed. 

[0044] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photoresist film 35. Although the ashing device of the photoresist using the oxygen plasma may be 
used, it is necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide 34 in that 
case. 

[0045] On the other hand, as shown in drawing 4 (a), the silicon substrate 41 used as an electrode substrate had the 
polarity of P type, is a substrate the crystal-face bearing of whose is <1 10>, and has made the mirror plane to the plane-of- 
composition side with a diaphragm substrate. 

[0046] And as shown in this drawing (b), the silicon oxide 44 used as a buffer oxide film is formed in the field of a silicon 
substrate 41 by the oxidizing [ thermally ] method. The thickness of extent which can be equal to an ion implantation is 
required for the thickness of the silicon oxide 44 at this time. Here, it formed in about 1 -micrometer thickness. 
[0047] Then, as shown in this drawing (c), after forming the photoresist film 45 in the plane of composition (mirror plane 
side) of this silicon substrate 41, patterning is carried out and opening 46 is formed so that the photoresist film 45 may 
carry out opening only of the field which performs an ion implantation. 

[0048] Then, as shown in this drawing (d), silicon oxide 14 is etched by using this photoresist film 45 as a mask. Then, 
the photoresist film 45 is removed, into the hydroxide solution (for example, 30%-KOH solution heated at 80 degrees C) 
of a high-concentration alkali metal, a silicon substrate 41 is dipped, a silicon side is etched alternatively, and a crevice 47 
is formed. What is necessary is just to etch it by Mr. Fukashi of extent known visually, since the amount of etching at this 
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time is used for the alignment at the time of junction. Here, it etched even into a depth of about 100 micrometers. 
[0049] And the ion implantation for considering as an electrode is performed to the crevice 47 of this silicon substrate 41. 
Here, since the silicon substrate 41 of P type is used, the impurity ion used as N type, such as phosphorus, is poured in, 
and an ionized layer 49 is formed in a crevice 47. In addition, the ion implantation was performed on condition that 
70keV-3E18cm3. 

[0050] Then, as shown in this drawing (e), the buffer oxide film 44 formed in silicon substrate 41 front face is completely 
removed using the hydrogen fluoride solution of about 5% of concentration, and it considers as an electrode substrate. 
[0051] Next, direct junction of the silicon substrate 41 used as the silicon substrate 31 used as the diaphragm substrate 
created as mentioned above and an electrode substrate is performed. First, an above-mentioned silicon substrate 310 and 
the above-mentioned electrode substrate 41 are washed. Here, washing which used aqueous ammonia + hydrogen- 
peroxide-solution + water was performed, and the dust on the front face of a wafer was removed. Next, processing which 
gives a hydrophilic property in order to raise the junction nature in a room temperature is performed. Here, drug solution 
processing which used sulfuric-acid + hydrogen peroxide solution was performed. 

[0052] And the pattern (the pattern for alignment may be made especially) of the silicon oxide 34 for gap formation of a 
silicon substrate 31 and the ion-implantation field of a silicon substrate 41 are shown and carved using an aligner, 
alignment is taken using a lump pattern (the pattern for alignment may be made especially), and it sticks calmly. 
[0053] Then, after there being no generating of an initial void or inspecting using IR INSUPE cushion equipment etc., it 
puts into heating furnaces, such as a diffusion furnace, and heats, and as shown in drawing 5 (a), silicon substrate 31 and 
silicon substrate becoming 41 comrades are joined. At this time, it will be in the condition that the ionized layer 19 
injected into the silicon substrate 41 is activated to coincidence, and it can be used for it as an individual electrode 51. In 
addition, the conditions at this time were performed in 850 degrees C and 2 hours. Moreover, the etching protective coat 
52 is formed in the front face of a silicon substrate 41. 

[0054] Next, as shown in this drawing (b), a silicon substrate is dipped into the hydroxide solution (for example, 30%- 
KOH solution heated at 80 degrees C) of a high-concentration alkali metal by using as a mask the silicon oxide 34 which 
leaves opening 38 part for etching by the side of a silicon substrate 31, and is attached to the front face, and the crevice 53 
used as the liquid room which etches a silicon side alternatively and is pressurized by the diaphragm is formed. 
[0055] If it comes to the field of the boron layer 32 where etching of a silicon substrate 31 was poured into high 
concentration at this time, since etching stops spontaneously, the very thin diaphragm 54 can be made with a sufficient 
precision. Here, the diaphragm 54 with a thickness of about 2 micrometers was formed. 

[0056] Then, the protective coat 52 of the silicon substrate 41 used as the silicon oxide 34 of a silicon substrate 31 and the 
electrode substrate which turn into a diaphragm substrate as shown in this drawing (c) was removed, and the electrostatic 
type actuator was obtained. In addition, this electrostatic type actuator serves as distance of 500nm (400nm+100nm) of 2 
micrometers in thickness of a diaphragm 54, and the gap between a diaphragm 54 and the individual electrode 51. 
[0057] Thus, the silicon oxide 34 for joining the obtained electrostatic type actuator directly without forming a gap and 
using adhesives by the silicon oxide 34 which turns into an insulator layer in the diaphragm substrate 3 1 which consists of 
a silicon substrate in which the diaphragm 54 which consists of a high concentration boron layer 32 was formed, and the 
electrode substrate 41 which consists of a silicon substrate in which the individual electrode 51 was formed, and forming a 
gap is formed in the diaphragm substrate 31 side. 

[0058] Thus, without generating that of the plane of composition by using a semi-conductor manufacture process by 
preparing the silicon oxide for joining a diaphragm substrate and an electrode substrate directly without using adhesives, 
and forming a gap in a diaphragm substrate side, the electrostatic type actuator by direct junction can be obtained, gap 
precision can improve and the device of high density can be obtained further more. 

[0059] And as mentioned above in this case, the silicon wafer with which the high-concentration impurity was injected 
into the diaphragm substrate at the plane-of-composition side of the electrode substrate of a semi-conductor substrate is 
used. By carrying out patterning to the configuration of a request of the silicon oxide by the side of a plane of 
composition, and joining to an electrode substrate, after forming in this silicon wafer the silicon oxide of the thickness it is 
thin about a gap with thermal oxidation The electrostatic type actuator which prepared the silicon oxide for joining a 
diaphragm substrate and an electrode substrate directly without using adhesives, and forming a gap in the diaphragm 
substrate side can be manufactured. 

[0060] Moreover, as mentioned above, an electrode substrate forms the resist pattern corresponding to an electrode on a 
silicon substrate, and uses this resist pattern as a mask. By joining to a diaphragm substrate, after removing the oxide film 
of a plane of composition completely before having the process which forms the barrier layer which performs the postheat 
treatment which performed the ion implantation and serves as an electrode and joining to a diaphragm substrate The 
electrostatic type actuator which prepared the silicon oxide for joining a diaphragm substrate and an electrode substrate 
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directly without using adhesives, and forming a gap in the diaphragm substrate side can be manufactured. 
[0061] Next, the 2nd operation gestalt of the electrostatic type actuator concerning this invention is explained with 
reference to drawing 6 and drawing 7 . The explanatory view and drawing 7 explaining the production process of the 
diaphragm substrate which applied invention which drawing 6 requires for claim 3 are an explanatory view explaining the 
process which joins the diaphragm substrate of drawing 6 , and the electrode substrate of drawing 4 , and manufactures an 
electrostatic type actuator. 

[0062] As shown in this drawing (a), the silicon substrate 60 used as a diaphragm substrate uses a wafer with the structure 
of SOI (Silicon on Insulator). The silicon side 62 where the crystal-face bearing is <1 10> with the polarity of P type, and 
the silicon side 61 for carving a diaphragm serves as a diaphragm has made the thickness (here about 2 micrometers) of a 
diaphragm to board thickness, and the crystal-face bearing is <100>. Although any of P type and N type are sufficient as a 
polarity, the direction of P type becomes cheap in cost. Moreover, the insulating layer inserted in the middle of the silicon 
side 61 and the silicon side 62 is silicon oxide 63, and the thickness used the about 150-200-micrometer SOI substrate. 
Both sides of this silicon substrate 60 are ground to the mirror plane. This silicon substrate 60 is used as a start ingredient. 
[0063] it is shown in this drawing (b) - as - this silicon substrate 60 - PAIRO oxidation (wet oxidation) ~ it oxidizes by 
law and the oxidizing [ thermally ] methods, such as dry oxidation, and silicon oxide 64 is formed in the front face of a 
silicon substrate 60. Let thickness of the silicon oxide 64 at this time be the thickness of a part equal to the gap of an 
electrostatic type actuator. Here, it formed in the thickness of about 400 micrometers. 

[0064] Next, as shown in this drawing (c), after carrying out spreading formation of the photoresist film 65, as shown in 
this drawing (d), the pattern 67 which serves as a gap part by the side of a plane of composition at the photoresist film 65, 
and the pattern 66 used as the etching opening part for forming a diaphragm are formed in both sides of this silicon 
substrate 60 using a double-sided exposure machine. Here, a double-sided exposure machine is used for securing the 
pattern used as a gap layer, and the alignment precision of an etching opening part. 

[0065] And as shown in this drawing (e), by using the photoresist film 65 as a mask, silicon oxide 64 is etched, the 
etching opening 68 and the gap opening 69 are formed using the hydrogen fluoride solution of about 5% of concentration, 
and the photoresist film 65 is removed. 

[0066] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photograph TOREJISUTO. Although the ashing device of the photoresist using the oxygen plasma 
may be used, it is necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide 64 
in that case. 

[0067] Then, it joins directly through the same process as the 1st operation gestalt which mentioned above the electrode 
substrate 41 formed like the silicon substrate 60 and drawing 4 used as this diaphragm substrate as shown in drawing 7 
(a). And as shown in this drawing (b), by using as a mask the silicon oxide 64 which leaves the opening 68 for etching by 
the side of the silicon side 61 of a silicon substrate 60, and is attached to the front face, into the hydroxide solution of a 
high-concentration alkali metal, a silicon substrate is dipped and the crevice 53 which etches the silicon side 61 
alternatively and serves as a liquid room is formed. In addition, the protective coat 52 for etching is formed in the outside 
surface of the electrode substrate 41 in this case. 

[0068] If etching of the silicon side 61 of a silicon substrate 60 is etched to the insulating layer of silicon oxide 64 at this 
time, since etching stops spontaneously, the diaphragm 54 which consists of a very thin silicon side 62 can be made with a 
sufficient precision. Then, as shown in this drawing (c), the silicon oxide 64 of a silicon substrate 60 and the protective 
coat 52 of the electrode substrate 41 are removed. At this time, the part of the silicon oxide 63 as an insulator layer 
corresponding to the diaphragm 54 formed in respect of [ 62 ] silicon is also removed, a diaphragm 54 is formed, and the 
electrostatic type actuator on which put the individual electrode 51 which counters this diaphragm 54 and which the gap 
was made to counter is obtained. 

[0069] The semi-conductor substrate which has SOI structure in a diaphragm substrate is used. Thus, to a plane-of- 
composition side with the electrode substrate of this semi-conductor substrate By carrying out patterning to the 
configuration of a request of the silicon oxide by the side of a plane of composition, and joining to an electrode substrate, 
after forming the silicon oxide of the thickness it is thin about the need gap of an actuator by the oxidizing [ thermally ] 
method The electrostatic type actuator which prepared the silicon oxide for joining a diaphragm substrate and an electrode 
substrate directly without using adhesives, and forming a gap in the diaphragm substrate side can be manufactured. 
[0070] Next, the 3rd operation gestalt of the electrostatic type actuator concerning this invention is explained with 
reference to drawing 8 and drawing 9 . The explanatory view and drawing 9 explaining the production process of the 
diaphragm substrate which applied invention which drawing 8 requires for claim 4 are an explanatory view explaining the 
process which joins the diaphragm substrate of drawing 8 , and the electrode substrate of drawing 4 , and manufactures an 
electrostatic type actuator. 
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[0071] As shown in this drawing (a), the crystal-face bearing is <1 10> and the silicon substrate 71 used as a diaphragm 
substrate is grinding both sides to the mirror plane. This silicon substrate 71 is used as a start ingredient. And a CVD 
method is used for a plane-of-composition side with the electrode substrate of this silicon substrate 71, and the silicon 
nitride 72 is made to deposit. At this time, thickness of the silicon nitride 72 is taken as the thickness of a diaphragm. 
[0072] Next, as shown in this drawing (b), silicon oxide 74 is formed all over a silicon substrate 71. Since the thermal 
oxidation film hardly grows on the silicon nitride 72, silicon oxide 74 is formed by approaches, such as a CVD method. 
Let thickness of the silicon oxide 74 at this time be the thickness of a part equal to the gap of an electrostatic type 
actuator. Here, it formed in the thickness of about 400nm. 

[0073] And as shown in this drawing (c), after applying a photoresist 75 to both sides of a silicon substrate 71, as shown 
in this drawing (d), the pattern 77 used as the gap part by the side of a plane of composition and the pattern 76 used as the 
etching opening part for forming a diaphragm are formed using a double-sided exposure machine. Here, a double-sided 
exposure machine is used for securing the pattern used as a gap layer, and the alignment precision of an etching opening 
part. 

[0074] Next, by using a photoresist 75 as a mask, using the hydrogen fluoride solution of about 5% of concentration, 
silicon oxide 74 is etched, the etching opening 78 and the gap opening 79 are formed, and a photoresist is removed as 
shown in this drawing (e). It is desirable to consider as the process using the exfoliation liquid which the photoresist 
manufacturer 1 specifies as exfoliation of this photoresist. Although the ashing device of the photoresist using the oxygen 
plasma may be used, it is necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon 
oxide in that case. 

[0075] Then, it is made to join to the electrode substrate 41 shown in the diaphragm substrate 71 and drawing 4 by the 
same approach as the 1st operation gestalt mentioned above directly, as shown in drawing 9 (a) ? And as shown in this 
drawing (b), by using as a mask the silicon oxide 74 which leaves opening 78 part for etching by the side of a silicon 
substrate 71, and is attached to the front face, into the hydroxide solution of a high-concentration alkali metal, a silicon 
substrate is dipped and the crevice 53 which etches a silicon side alternatively and serves as a liquid room is formed. In 
addition, the protective coat 52 for etching is formed in the outside surface of the electrode substrate 41 in this case. 
[0076] If etching of a silicon substrate 71 is etched to the silicon nitride 72 at this time, since etching stops spontaneously, 
the diaphragm 54 which consists of a very thin silicon nitride 72 can be made with a sufficient precision. Then, the 
electrostatic type actuator on which put the individual electrode 51 which removes the silicon oxide 74 of the diaphragm 
substrate 71 and the protective coat 52 of the electrode substrate 41, and counters a diaphragm 54 and a diaphragm 54 as 
shown in this drawing (c) and which the gap was made to counter is obtained. 

[0077] A silicon substrate is used for a diaphragm substrate. Thus, on a plane of composition with the electrode substrate . 
of this silicon substrate After forming silicon oxide even in the thickness it is thin about the need gap of an actuator on 
this nitride after forming the silicon nitride used as the thickness of a diaphragm in the whole surface, By carrying out 
patterning to the configuration of a request of the silicon oxide by the side of a plane of composition, and joining to an 
electrode substrate The electrostatic type actuator which prepared the silicon oxide for joining a diaphragm substrate and 
an electrode substrate directly without using adhesives, and forming a gap in the diaphragm substrate side can be 
manufactured. 

[0078] Next, the 4th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 10 . Drawing 10 is an explanatory view explaining the production 
process which applied invention concerning claim 5. First, as shown in this drawing (a), the crystal-face bearing is <1 10> 
and the silicon substrate 81 used as a diaphragm substrate is grinding both sides to the mirror plane. This silicon substrate 

81 is used as a start ingredient. 

[0079] And the silicon oxide used as a buffer oxide film is thinly formed in a silicon substrate 81 (not shown). A CVD 
method is used for this silicon substrate 81, and the silicon nitride 82 is made to deposit. Thickness of the silicon nitride 

82 at this time is taken as the thickness of a diaphragm. 

[0080] Next, as shown in this drawing (b), a photoresist 85 is applied to a plane-of-composition side with the electrode 
substrate of a silicon substrate 81, and patterning which left the diaphragm pattern part 89 corresponding to the 
configuration of a diaphragm as shown in this drawing (c) is carried out. Then, by using the diaphragm pattern part 89 of 
this photoresist 85 as a mask, the silicon nitride 82 is etched and silicon oxide 82 is made into a diaphragm configuration. 
[0081] And as shown in this drawing (d), after exfoliating a photoresist 85, a silicon substrate 81 is oxidized thermally by 
approaches, such as PAIRO oxidation. Of this, an oxide film does not grow up to be the field covered by the silicon 
nitride 82, but silicon oxide 84 is formed alternatively. Let thickness of the silicon oxide 84 at this time be the thickness of 
a part equal to the gap of an electrostatic type actuator. Here, it formed in the thickness of about 400 micrometers. 
[0082] Next, as shown in this drawing (e), after applying a photoresist 85 to the top face of this silicon substrate 81, as the 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 5/25/06 



JP,2000-203023,A [DETAILED DESCRIPTION] 



Page 9 of 16 



pattern 86 of the etching part for forming a liquid room crevice is formed using a double-sided exposure machine and it is 
shown in this drawing (f), silicon oxide 84 is etched, the etching opening 88 is formed, a photoresist 85 is removed, and a 
diaphragm substrate is obtained. 

[0083] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photoresist. Although the ashing device of the photoresist using the oxygen plasma may be used, it is 
necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide in that case. 
[0084] Then, the silicon substrate 81 and the electrode substrate 41 used as a diaphragm substrate are directly joined like 
each operation gestalt mentioned above. The silicon oxide 84 which leaves opening 88 part for etching by the side of a 
silicon substrate 81, and is attached to the front face is used as a mask. Into the hydroxide solution (for example, 30%- 
KOH solution heated at 80 degrees C) of a high-concentration alkali metal, a silicon substrate is dipped and the crevice 53 
which etches a silicon substrate 81 alternatively and serves as a liquid room is formed. If etching of a silicon substrate is 
etched to the silicon nitride 82 of a silicon substrate 81 at this time, for a stop reason, etching can make spontaneously the 
diaphragm 54 which consists of a very thin silicon nitride with a sufficient precision. 

[0085] Then, the electrostatic type actuator on which put the individual electrode 51 which removes the silicon oxide 84 
of the silicon substrate 81 which turns into a diaphragm substrate as shown in this drawing (g), and the protective coat of 
the electrode substrate 41, and counters a diaphragm 54 and a diaphragm 54 and which the gap was made to counter is 
obtained. 

[0086] Thus, after using a silicon wafer for a diaphragm substrate and forming the silicon nitride used as the thickness of a 
diaphragm on a plane of composition with the electrode substrate of this silicon wafer, After leaving and carrying out 
patterning of the silicon nitride only to the field which forms a diaphragm, By oxidizing thermally by using this nitride as 
a mask, oxidizing a silicon substrate alternatively, and joining to an electrode substrate, after growing up an oxide film 
even into the thickness it is thin about the need gap of an actuator The electrostatic type actuator which prepared the 
silicon oxide for joining a diaphragm substrate and an electrode substrate directly without using adhesives, and forming a 
gap in the diaphragm substrate side can be manufactured. 

[0087] Next, the 5th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 1 1 . Drawing 1 1 is an explanatory view explaining the production 
process which applied invention concerning claim 6. As shown in this drawing (a), the silicon substrate 91 used as a 
diaphragm substrate has the polarity of P type, and the crystal-face bearing is <1 10> and it is grinding both sides to the 
mirror plane. Using means, such as a solid-state diffusion method, high-concentration boron pours into the near field used 
as a plane of composition with the electrode substrate of this silicon substrate 91, and the high concentration boron layer 
92 is formed in it. The thickness of this high concentration boron layer 92 is diffused so that it may become the thickness 
of a diaphragm. This silicon substrate is used as a start ingredient. 

[0088] First, the silicon oxide used as a buffer oxide film is thinly formed in this silicon substrate 91 (not shown). And a 
CVD method is used for a plane-of-composition side with the electrode substrate of this silicon substrate 91, and the 
silicon nitride 93 is made to deposit, as shown in this drawing (b). 

[0089] And a photoresist 95 is applied to the plane-of-composition side of this silicon substrate 91, and patterning which 
left the diaphragm pattern part 99 corresponding to the configuration of a diaphragm is carried out. Then, as shown in this 
drawing (c), by using the diaphragm pattern part 99 of this photoresist 95 as a mask, the silicon nitride 93 and the high 
concentration boron layer 92 are etched, and the high concentration boron layer 92 is made into a diaphragm 
configuration. 

[0090] Then, as shown in this drawing (d), after exfoliating a photoresist 95, a silicon substrate 91 is oxidized thermally 
by approaches, such as PAIRO oxidation. Of this, an oxide film does not grow up to be the field covered by the silicon 
nitride 93, but silicon oxide 94 is formed alternatively. Let thickness of the silicon oxide 94 at this time be the thickness of 
a part equal to the gap of an electrostatic type actuator. Here, it formed in the thickness of about 400 micrometers. 
[0091] Next, as shown in this drawing (e), after applying a photoresist 95 to the etching side for crevice formation of this 
silicon substrate 91, as the pattern 96 used as the etching opening part for forming a diaphragm is formed using a double- 
sided exposure machine and it is shown in this drawing (f), silicon oxide 94 is etched, the etching opening 98 is formed, a 
photoresist 95 is removed, the silicon nitride 93 is removed, and a diaphragm substrate is obtained. 
[0092] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photoresist. Although the ashing device of the photoresist using the oxygen plasma may be used, it is 
necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide in that case.. 
[0093] Then, the silicon substrate 91 and the electrode substrate 41 used as a diaphragm substrate are directly joined like 
each operation gestalt mentioned above, by using as a mask the silicon oxide 94 which leaves opening 67 part for etching 
by the side of a silicon substrate 91, and is attached to the front face, into the hydroxide solution of a high-concentration 
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alkali metal, a silicon substrate is dipped and the crevice 53 which etches a silicon side alternatively and serves as a liquid 
room is formed. If etched to the high concentration boron layer 92 in which etching of a silicon substrate was injected into 
the silicon substrate 91 at this time, for a stop reason, etching can make spontaneously the diaphragm 54 which consists of 
a very thin boron layer with a sufficient precision. 

[0094] Then, the electrostatic type actuator on which put the individual electrode 51 which removes the silicon oxide 94 
of the silicon substrate 91 which turns into a diaphragm substrate as shown in this drawing (g), and the protective coat of 
the electrode substrate 41, and counters a diaphragm 54 and a diaphragm 54 and which the gap was made to counter is 
obtained. 

[0095] After carrying out the mask of the field used as the diaphragm by the side of the plane of composition of this 
silicon wafer to a diaphragm using the silicon wafer with which the high-concentration impurity was poured in at the 
plane-of-composition side with the electrode substrate of a semi-conductor substrate, by thus, the thing to oxidize by 
thermal oxidation By removing a mask and joining to an electrode substrate, after forming in the thickness which oxidizes 
alternatively and serves as a need gap of an actuator except the field used as a diaphragm The electrostatic type actuator 
which prepared the silicon oxide for joining a diaphragm substrate and an electrode substrate directly without using 
adhesives, and forming a gap in the diaphragm substrate side can be manufactured. 

[0096] Next, the 6th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 12 . In addition, this drawing is an explanatory view explaining the 
production process which applied invention concerning claim 7. 

[0097] As shown in this drawing (a), the silicon substrate 100 used as a diaphragm substrate uses a wafer with SOI 
structure. Board thickness has made the thickness (here about 2 micrometers) of a diaphragm to the silicon side 102 where 
the crystal-face bearing is <1 10>, and the silicon side 101 for carving a diaphragm serves as a diaphragm with the polarity 
of P type, and the crystal-face bearing is <100>. Although any of P type and N type are sufficient as a polarity, the 
direction of P type becomes cheap in cost. Moreover, the insulating layer inserted in the middle of the silicon side 101 and 
the silicon side 102 is silicon oxide 103, and the thickness used the about 150-200-micrometer SOI substrate. Both sides 
of this silicon substrate 100 are ground to the mirror plane. This silicon substrate 100 is used as a start ingredient. 
[0098] First, the silicon oxide used as a buffer oxide film is thinly formed in a silicon substrate 30 (not shown). And a 
CVD method is used and the silicon nitride 1 10 is made to deposit on this silicon substrate 100, as shown in this drawing 
(b). And a photoresist 105 is applied to the plane-of-composition side of a silicon substrate 100, and patterning which left 
the diaphragm pattern part 109 which makes the configuration of a diaphragm is carried out. 
[0099] Then, as shown in this drawing (c), the silicon nitride 110 and the silicon side 102 are etched by using the 
diaphragm pattern part 109 of a photoresist 105 as a mask, and it builds in the configuration of a diaphragm. Then, as 
shown in this drawing (d), after exfoliating a photoresist 105, a silicon substrate 100 is oxidized thermally by approaches, 
such as PAIRO oxidation. Of this, an oxide film does not grow up to be the field covered by the silicon nitride 110, but 
silicon oxide 104 is formed alternatively. Let thickness of silicon oxide 104 be the thickness of a part equal to the gap of 
an electrostatic type actuator at this time. Here, it formed in the thickness of about 400 micrometers. 
[0100] Next, as shown in this drawing (e), after applying a photoresist 105 to the etching side for the crevice formation to 
the silicon side 101 of this silicon substrate 100, As the pattern used as the etching opening 106 for forming a diaphragm 
is formed using a double-sided exposure machine and it is shown in this drawing (f) Silicon oxide 104 is etched, the 
etching opening 108 is formed, a photoresist 105 is removed, the silicon nitride 1 10 is removed, and a diaphragm 
substrate is obtained. 

[0101] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photoresist. Although the ashing device of the photoresist using the oxygen plasma may be used, it is 
necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide in that case. 
[0102] Then, as shown in this drawing (g), the silicon side 101 of the silicon substrate 100 used as a diaphragm substrate 
is directly joined to the electrode substrate 41 like the 1st operation gestalt mentioned above. By using as a mask the 
silicon oxide 104 which leaves opening 108 part for etching by the side of a silicon substrate 100, and is attached to the 
front face as a following process, into the hydroxide solution of a high-concentration alkali metal, a silicon substrate is 
dipped, a silicon side is etched alternatively, and the crevice 53 used as a liquid room is formed. At this time, if etching of 
a silicon substrate 100 comes to the field of the silicon oxide 103 which is an interlayer insulation film of a SOI substrate 
at this time, since etching stops it spontaneously, it can make the diaphragm 54 which consists of a very thin silicon side 
102 with a sufficient precision. 

[0103] After carrying out the mask of the field used as the diaphragm on a plane of composition with the electrode 
substrate of this semi-conductor substrate using the semi-conductor substrate which has SOI structure in a diaphragm 
substrate, by thus, the thing to oxidize by thermal oxidation By oxidizing alternatively except the field used as a 
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diaphragm, removing a mask, after forming an oxide film even in the thickness it is thin about the need gap of an actuator, 
and joining to an electrode substrate The electrostatic type actuator which prepared the silicon oxide for joining a 
diaphragm substrate and an electrode substrate directly without using adhesives, and forming a gap in the diaphragm 
substrate side can be manufactured. 

[0104] Next, the 7th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 1 1 . This drawing (a) is an explanatory view showing other operation 
gestalten of a diaphragm substrate [ in / for other operation gestalten of the diaphragm substrate in the 1st operation 
gestalt / in this drawing (b) / the 2nd operation gestalt ]. In this operation gestalt, it is leak and the thing which sticks and 
prevents **** with an electrode in leaving an insulator layer to the diaphragm substrate 31 or electrode surface side of 61. 
an insulator layer — approaches, such as thermal oxidation, — silicon oxide — you may form — already — some silicon 
oxide 34 and 64 — a pole — it leaves thinly and is good also as an insulator layer 111. Thereby, the degree of freedom of 
the manufacture approach of an electrode substrate becomes high. 

[0105] Next, the 8th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 12 . Drawing 12 is an explanatory view explaining the production 
process of the electrode substrate which applied invention concerning claim 10. First, the silicon substrate 121 used as the 
electrode substrate shown in this drawing (a) had the polarity of P type, and the crystal-face bearing is the substrate of 
<1 10>, and it has made the mirror plane to the plane-of-composition side with a diaphragm substrate. 
[0106] Then, as shown in this drawing (b), the silicon oxide 124 used as a buffer oxide film is formed in the front face of 
this silicon substrate 121 by the oxidizing [ thermally ] method. The thickness of extent which can be equal to wet etching 
is required for the thickness of the silicon oxide 124 at this time. Here, it formed in the thickness of about 1 micrometer. 
[0107] Then, after carrying out patterning only of the field which forms an electrode after applying a photoresist 125 to 
the plane of composition (mirror plane side) of this silicon substrate 121 so that opening 126 may be formed, it etches 
silicon oxide 124 by using a photoresist 125 as a mask, and forms opening 126. 

[0108] And as shown in this drawing (c), a photoresist 125 is removed, a silicon substrate 121 is dipped into the 
hydroxide solution of a high-concentration alkali metal, and a silicon side is etched alternatively. The amount of etching at 
this time is etched by Fukashi who is extent where an electrode material is embedded. Here, it etched even into a depth of 
about 300nm. Next, the silicon oxide 127 used as the insulator layer of an electrode material and a silicon substrate 121 is 
formed. Thickness of silicon oxide 127 it is thin to the insulator layer at this time was made into the thickness of about 
100 micrometers. 

[0109] Next, as shown in this drawing (d), the polish recon 128 into which the impurity used as an electrode was 
introduced is deposited by approaches, such as CVD. At this time, ingredients of a refractory metal system, such as 
titanium nitride, are sufficient as an electrode material. Moreover, thickness of an electrode material was set to about 100 
micrometers. Then, the silicon oxide 129 which is capped is deposited by approaches, such as CVD, and the insulation of 
an electrode is secured. 

[0110] And as it is shown in this drawing (e), and it considers as a mask, and the pattern of this photoresist is etched with 
silicon oxide 129, the polish recon 128 which is an electrode material, and silicon oxide 127 and is shown in this drawing 
(f), the electrode substrate in which the individual electrode 51 which removes the photoresist pattern 130 and consists of 
polish recon was formed is obtained [ after applying a photoresist, exposing and developing this at the configuration of an 
electrode and forming the pattern 130 of an electrode configuration, ]. 

[0111] Here, although the electrode configuration was acquired by photo etching, as shown in drawing 15 , after 
depositing the silicon oxide 129 which is capped, as shown in this drawing (e), you may grind up to silicon substrate 121 
front face by approaches, such as CMP (Chemical Mechanical Polishing). At this time, a silicon substrate side (junction 
interface) is finished flat-tapped, and has the advantage by which profile irregularity and granularity are equalized. 
[0112] Then, an electrostatic type actuator can be obtained by making it join to a diaphragm substrate directly by the 
above approaches. 

[0113] Thus, after an electrode substrate deposits the polish recon film with which the impurity was poured in on the 
silicon substrate, Since it joins to a diaphragm substrate after exposing the silicon substrate which forms the silicon oxide 
used as an insulator layer, forms the protective coat of a wrap configuration for an electrode pattern, etches by using this 
protective coat as a mask, and serves as a plane of composition The electrode structure of an embedding mold can be 
acquired, the contact to an electrode can take from a diaphragm substrate or electrode substrate side, and a degree of 
freedom increases to loading to the functional device of an actuator. 

[0114] Next, the 9th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 16 and drawing 17 . The explanatory view explaining the production 
process of the electrostatic type actuator of claim 1 1 which applied invention which drawing 16 requires for claim 12, and 
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drawing 1 7 are the explanatory views explaining the junction process of a diaphragm substrate and an electrode substrate. 
[01 15] An electrostatic type actuator here has a difference in how to take the electrostatic type actuator mentioned above 
and an individual electrode, with the electrostatic type actuator of claim 1 1, the electrode substrate in which the old 
electrode was formed serves as a common electrode (grand level), and the electrostatic type actuator mentioned above is 
made the configuration which can impress an electrical potential difference to a diaphragm according to an individual, 
although the diaphragm substrate and the electrode substrate existed separately and divided each function. 
[0116] Then, as shown in drawing 16 (a), the silicon substrate 140 used as a diaphragm substrate uses a wafer with SOI 
structure. The thickness (here about 2 micrometers) of a diaphragm is made to board thickness, crystal- face bearing is 
<1 10> and the polarity of the silicon side 142 where the crystal-face bearing is <1 10> with the polarity of P type, and the 
silicon side 141 for carving a diaphragm serves as a diaphragm is P type. Moreover, the insulating layer 143 inserted in 
the middle is silicon oxide, and the thickness used the about 150-200-micrometer SOI substrate. Both sides are ground by 
the mirror plane. This silicon substrate is used as a start ingredient. 

[0117] first, it is shown in this drawing (b) — as — this silicon substrate 140 — PAIRO oxidation (wet oxidation) — it 
oxidizes by law and the oxidizing [ thermally ] methods, such as dry oxidation, and silicon oxide 144 is formed in the 
front face of a silicon substrate 140. Let thickness of the silicon oxide 144 at this time be the thickness of a part equal to 
the gap of an electrostatic type actuator. Here, it formed in the thickness of about 400 micrometers. 
[0118] Next, as shown in this drawing (c), after applying a photoresist 145 to both sides of this silicon substrate 140, the 
pattern 127 which serves as a gap part by the side of a plane of composition with an electrode substrate using a double- 
sided exposure machine as shown in this drawing (d), and the pattern 126 used as the etching opening part for forming a 
diaphragm are formed. Here, a double-sided exposure machine is used for securing the pattern used as a gap layer, and the 
alignment precision of an etching opening part. 

[0119] Next, silicon oxide 144 is etched by using a photoresist 145 as a mask using the hydrogen fluoride solution of 
about 5% of concentration. Then, as shown in this drawing (e), the ion 149 which serves as N type after pouring into the 
silicon substrate side used as a diaphragm is poured in by using the film of a photoresist 145 as a mask, a photoresist 145 
is removed, and a diaphragm substrate is obtained. 

[0120] It is desirable to consider as the process using the exfoliation liquid which the photoresist manufacturer 1 specifies 
as exfoliation of this photoresist. Although the ashing device of the photoresist using the oxygen plasma may be used, it is 
necessary to make it damages (a surface dry area, ** of resist ashes, etc.) not appear in silicon oxide in that case. 
[0121] Then, as shown in drawing 17 (a), the silicon substrate 140 used as this diaphragm substrate is directly joined to 
the electrode substrate 151 which formed the protective coat 152. At this time, with heat, the ion 149 injected into the 
silicon substrate 140 is activated, and it functions as an individual electrode 150. 

[0122] And as shown in this drawing (b), the silicon oxide 144 which leaves etching opening 148 part by the side of a 
silicon substrate 140, and is attached to the front face is used as a mask. Dip a silicon substrate into the hydroxide solution 
of a high-concentration alkali metal, and a silicon side is etched alternatively. The crevice 153 used as a liquid room is 
formed, as shown in this drawing (c) after that, the silicon oxide 143 grade which is in the pars basilaris ossis occipitalis 
of a crevice 153 through an oxide-film removal process is removed, and a diaphragm 154 is formed. 
[0123] At this time, if etching of a silicon substrate 140 is etched to the insulating layer of silicon oxide 143, since etching 
stops it spontaneously, it can make the very thin diaphragm 154 with a sufficient precision. In addition, since the silicon 
oxide 143 on a diaphragm 154 is removed at a next oxide-film removal process as mentioned above, an oscillation 
characteristic is not affected. 

[0124] Thus, the semi-conductor substrate which forms a diaphragm has SOI structure. After forming the silicon oxide of 
the thickness it is thin about the need gap of an actuator by the oxidizing [ thermally ] method on a silicon side with the 
1st conductivity type used as a plane of composition, Patterning of the silicon oxide by the side of a plane of composition 
is carried out to a desired configuration by the resist. By activating the ion poured in with the heat of the direct junction at 
the time of junction to the silicon substrate of low resistance, after performing the ion implantation which serves as the 
2nd conductivity type by using this pattern film as a mask and forming an individual electrode in diaphragm each The 
electrostatic type actuator which prepared the silicon oxide for joining a diaphragm substrate and an electrode substrate 
directly without using adhesives, and forming a gap in the diaphragm substrate side can be manufactured. 
[0125] Next, the 10th operation gestalt of the manufacture approach of the electrostatic type actuator concerning this 
invention is explained with reference to drawing 18 and drawing 19 . The explanatory view and drawing 19 explaining the 
process which manufactures a diaphragm substrate with the application of invention which drawing 18 requires for claim 
13 are an explanatory view explaining the process which joins a diaphragm substrate and an electrode substrate and 
manufactures an electrostatic type actuator. 

[0126] First, as shown in drawing 18 (a), the crystal-face bearing is <1 10> and the silicon substrate 141 used as a 
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diaphragm substrate is grinding both sides to the mirror plane. This silicon substrate 161 is used as a start ingredient. 
[0127] And a CVD method is used for this silicon substrate 161, and the silicon nitride 162 is made to deposit. Thickness 
of the silicon nitride 162 at this time is taken as the thickness of a diaphragm. Next, as shown in this drawing (b), silicon 
oxide 164 is formed all over a silicon substrate 161. Since the thermal oxidation film hardly grows on the silicon nitride 
162 at this time, silicon oxide 164 is formed by approaches, such as a CVD method. Let thickness of the silicon oxide 144 
at this time be the thickness of a part equal to the gap of an electrostatic type actuator. Here, it formed in the thickness of 
about 400 micrometers. 

[0128] Next, as shown in this drawing (c), after applying a photoresist 165 to both sides of this silicon substrate 161, as 
shown in this drawing (d), the pattern 167 used as the gap part by the side of a plane of composition and the pattern 166 
used as the etching opening part for forming a diaphragm are formed using a double-sided exposure machine. Here, a 
double-sided exposure machine is used for securing the pattern used as a gap layer, and the alignment precision of an 
etching opening part. 

[0129] And silicon oxide 164 is etched by using a photoresist 165 as a mask using the hydrogen fluoride solution of about 
5% of concentration, and openings 168 and 169 are formed. Then, as shown in this drawing (e), the thin film 170 of 
refractory metal systems, such as titanium nitride, is deposited by approaches, such as a spatter. The thin film formation 
approach at this time has the desirable approach which step coverage, such as a spatter, does not have. 
[0130] Next, as shown in this drawing (g), a photoresist 165 is removed and a diaphragm substrate is obtained. The thin 
film 170 for electrodes which remains in the photoresist film upper part at exfoliation and coincidence of a photoresist 
165 is also made to exfoliate at this time (the lift-off method). An individual electrode can be formed in a diaphragm rear 
face by using this approach. 

[0131] Then, it is made to join to the silicon substrate 161 which turns into a diaphragm substrate by the above 
approaches, and the electrode substrate 171 which formed the protective coat 172 directly, as shown in drawing 19 (a). As 
a following process, the crevice 173 which dips a silicon substrate into the hydroxide solution of a high-concentration 
alkali metal, etches a silicon side alternatively, and serves as a liquid room is formed by using as a mask the silicon oxide 
164 which leaves the opening 168 for etching by the side of a silicon substrate 161, and is attached to the front face as 
shown in this drawing (b). 

[0132] At this time, if etching of a silicon substrate is etched to the silicon nitride 162 of the silicon substrate opposite 
side, since etching stops it spontaneously, it can make the diaphragm 174 by the very thin silicon nitride with a sufficient 
precision. Then, as shown in this drawing (c), silicon oxide 164 grade is removed and an electrostatic type actuator is 
obtained. 

[0133] Thus, the semi-conductor substrate which forms a diaphragm is a silicon wafer. After forming the silicon nitride 
used as the thickness of a diaphragm on the silicon side used as a plane of composition, Deposition formation of the 
silicon oxide is carried out on this nitride even at the thickness it is thin about the need gap of an actuator. By depositing 
the conductive film on the diaphragm substrate to which this resist was attached, and removing the conductive film of 
parts other than a diaphragm the whole resist film, after carrying out patterning of this silicon oxide to a desired 
configuration by the resist After forming an individual electrode in diaphragm each, by joining to the silicon substrate of 
low resistance directly The electrostatic type actuator which prepared the silicon oxide for joining a diaphragm substrate 
and an electrode substrate directly without using adhesives, and forming a gap in the diaphragm substrate side can be 
manufactured. 
[0134] 

[Effect of the Invention] The diaphragm substrate which formed the diaphragm according to the electrostatic type actuator 
of claim 1 as explained above, In the electrostatic type actuator which a diaphragm deforms by forming a gap, joining by 
the silicon oxide which turns into an insulator layer in the electrode substrate in which the individual electrode was 
formed, and impressing an electrical potential difference between said electrodes and diaphragms Since it considered as 
the configuration which prepared the silicon oxide for joining a diaphragm substrate and an electrode substrate directly 
without using adhesives, and forming a gap in the diaphragm substrate side When manufacturing an actuator using a 
semi-conductor process, direct junction can be carried out without generating that of the plane of composition of a 
diaphragm substrate and an electrode substrate, and the electrostatic type actuator of high density can be obtained by low 
cost. 

[0135] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 2 The silicon 
wafer with which the high-concentration impurity was injected into the diaphragm substrate at the plane-of-composition 
side of the electrode substrate of a semi-conductor substrate is used. Since it considered as the configuration which carries 
out patterning to the configuration of a request of the silicon oxide by the side of a plane of composition and which is 
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joined to an electrode substrate after forming in this silicon wafer the silicon oxide of the thickness it is thin about a gap 
with thermal oxidation Without generating that of the plane of composition by using a semi-conductor manufacture 
process, the electrostatic type actuator by direct junction can be obtained, gap precision can improve and the device of 
high density can be obtained further more. 

[0136] In the manufacture approach of the electrostatic type actuator which carries out the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 3 The semi- 
conductor substrate which has SOI structure in a diaphragm substrate is used. To a plane-of-composition side with the 
electrode substrate of this semi-conductor substrate Since patterning was carried out to the configuration of a request of 
the silicon oxide by the side of a plane of composition and it considered as the configuration joined to an electrode 
substrate after forming the silicon oxide of the thickness it is thin about the need gap of an actuator by the oxidizing 
[ thermally ] method Without generating that of the plane of composition by using a semi-conductor manufacture process, 
the electrostatic type actuator by direct junction can be obtained, gap precision can improve and the device of high density 
can be obtained fUrther more. 

[0137] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 4 A silicon 
substrate is used for a diaphragm substrate. On a plane of composition with the electrode substrate of this silicon substrate 
After forming silicon oxide even in the thickness it is thin about the need gap of an actuator on this nitride after forming 
the silicon nitride used as the thickness of a diaphragm in the whole surface, Since patterning was carried out to the 
configuration of a request of the silicon oxide by the side of a plane of composition and it considered as the configuration 
joined to an electrode substrate Without generating that of the plane of composition by using a semi-conductor 
manufacture process, the electrostatic type actuator by direct junction can be obtained, gap precision can improve and the 
device of high density can be obtained further more. 

[0138] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 5 After using a 
silicon wafer for a diaphragm substrate and forming the silicon nitride used as the thickness of a diaphragm on a plane of 
composition with the electrode substrate of this silicon wafer, After leaving and carrying out patterning of the silicon 
nitride only to the field which forms a diaphragm, Since it considered as the configuration joined to an electrode substrate 
after growing up an oxide film even into the thickness which oxidizes thermally by using this nitride as a mask, oxidizes a 
silicon substrate alternatively, and serves as a need gap of an actuator Without generating that of the plane of composition 
by using a semi-conductor manufacture process, the electrostatic type actuator by direct junction can be obtained, gap 
precision can improve and the device of high density can be obtained further more. 

[0139] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 6 After 
carrying out the mask of the field used as the diaphragm by the side of the plane of composition of this silicon wafer to a 
diaphragm using the silicon wafer with which the high-concentration impurity was poured in at the plane-of-composition 
side with the electrode substrate of a semi-conductor substrate, by oxidizing by thermal oxidation Since it considered as 
the configuration which removes a mask and is joined to an electrode substrate after forming in the thickness which 
oxidizes alternatively and serves as a need gap of an actuator except the field used as a diaphragm Without generating that 
of the plane of composition by using a semi-conductor manufacture process, the electrostatic type actuator by direct 
junction can be obtained, gap precision can improve and the device of high density can be obtained further more. 
[0140] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 7 After 
carrying out the mask of the field used as the diaphragm on a plane of composition with the electrode substrate of this 
semi-conductor substrate using the semi-conductor substrate which has SOI structure in a diaphragm substrate, by 
oxidizing by thermal oxidation Since it considered as the configuration which oxidizes alternatively except the field used 
as a diaphragm, removes a mask after forming an oxide film even in the thickness it is thin about the need gap of an 
actuator, and is joined to an electrode substrate Without generating that of the plane of composition by using a semi- 
conductor manufacture process, the electrostatic type actuator by direct junction can be obtained, gap precision can 
improve and the device of high density can be obtained further more. 

[0141] According to the manufacture approach of the electrostatic type actuator of claim 8, it sets to the manufacture 
approach of above-mentioned claim 2 or the electrostatic type actuator of 3. Since it considered as the configuration 
which left the thin film of silicon oxide to the plane-of-composition side of a diaphragm substrate during patterning of an 
oxide film, or oxidized thermally again after patterning termination, and formed the oxide film in the diaphragm 
background Without generating that of the plane of composition by using a semi-conductor manufacture process, the 
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electrostatic type actuator by direct junction can be obtained, gap precision can improve and the device of high density 
can be obtained further more. 

[0142] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 9 An electrode 
substrate forms the resist pattern corresponding to an electrode on a silicon substrate, and uses this resist pattern as a 
mask. Since it considered as the configuration joined to a diaphragm substrate after removing the oxide film of a plane of 
composition completely before having the process which performs the postheat treatment which performed the ion 
implantation and forms a barrier layer and joining to a diaphragm substrate Without generating that of the plane of 
composition by using a semi-conductor manufacture process, the electrostatic type actuator by direct junction can be 
obtained, gap precision can improve and the device of high density can be obtained further more. 
[0143] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 according to the manufacture approach of the electrostatic type actuator of claim 10 After an 
electrode substrate deposits the polish recon film or metal system electric conduction film with which the impurity was 
poured in on the silicon substrate, Since it considered as the configuration joined to a diaphragm substrate after exposing 
the silicon substrate which forms the silicon oxide used as an insulator layer, forms the protective coat of a wrap 
configuration for an electrode pattern, etches by using this protective coat as a mask, and serves as a plane of composition 
The contact to an electrode can take even from which substrate side, and the degree of freedom of loading of the 
functional device of an actuator becomes high. 

[0144] The diaphragm substrate which formed the diaphragm and the individual electrode according to the electrostatic 
type actuator of claim 1 1, By the silicon oxide which turns into an insulator layer in the electrode substrate in which the 
common electrode was formed, form a gap and it joins. It is the electrostatic type actuator which a diaphragm deforms by 
impressing an electrical potential difference between an individual electrode and a common electrode. Since it considered 
as the configuration which prepared the silicon oxide for a diaphragm substrate being a silicon substrate of low resistance, 
joining a diaphragm substrate and an electrode substrate directly without using adhesives, and forming a gap in the 
diaphragm substrate side When manufacturing an actuator using a semi-conductor process, direct junction can be carried 
out without generating that of the plane of composition of a diaphragm substrate and an electrode substrate, and the 
electrostatic type actuator of high density can be obtained by low cost. 

[0145] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 1 according to the manufacture approach of the electrostatic type actuator of claim 12 On a 
silicon side with the 1st conductivity type which the semi-conductor substrate which forms a diaphragm has SOI structure, 
and serves as a plane of composition After forming the silicon oxide of the thickness it is thin about the need gap of an 
actuator by the oxidizing [ thermally ] method, Patterning of the silicon oxide by the side of a plane of composition is 
carried out to a desired configuration by the resist. Since it considered as the configuration which activates the ion poured 
in with the heat of the direct junction at the time of junction to a silicon substrate after performing the ion implantation 
which serves as the 2nd conductivity type by using this pattern film as a mask and forming an individual electrode in 
diaphragm each The contact to an electrode can take even from which substrate side, and the degree of freedom of loading 
of the functional device of an actuator becomes high. 

[0146] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
above-mentioned claim 1 1 according to the manufacture approach of the electrostatic type actuator of claim 13 After 
forming the silicon nitride used as the thickness of a diaphragm on the silicon side where the semi-conductor substrate 
which forms a diaphragm is a silicon wafer, and serves as a plane of composition, Deposition formation of the silicon 
oxide is carried out on this nitride even at the thickness it is thin about the need gap of an actuator. By depositing the 
conductive film on the diaphragm substrate to which this resist was attached, and removing the conductive film of parts 
other than a diaphragm the whole resist film, after carrying out patterning of this silicon oxide to a desired configuration 
by the resist Since it considered as the configuration directly joined to a silicon substrate after forming an individual 
electrode in diaphragm each, the contact to an electrode can take even from which substrate side, and the degree of 
freedom of loading of the functional device of an actuator becomes high. 

[0147] The nozzle which carries out the regurgitation of the ink droplet according to the ink jet head of claim 14, The 
diaphragm which forms the wall surface of the regurgitation room which a nozzle opens for free passage, and this 
regurgitation room, and this diaphragm are equipped with the actuator which consists of an electrode which set the 
predetermined gap and carried out opposite arrangement. Since it considered as the configuration which an actuator 
becomes from claim 1 or the electrostatic type actuator of 1 1 in the electrostatic type ink jet head which makes an ink 
droplet breathe out from a nozzle by impressing an electrical potential difference between a diaphragm and an electrode 
The ink jet head of high density can be obtained by low cost. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/25/06 



JP,2000-203023,A [DETAILED DESCRIPTION] Page 16 of 16 

[0148] The nozzle which carries out the regurgitation of the ink droplet according to the ink jet head of claim 15, The 
diaphragm which forms the wall surface of the regurgitation room which a nozzle opens for free passage, and this * 
regurgitation room, and this diaphragm are equipped with the actuator which consists of an electrode which set the 
predetermined gap and carried out opposite arrangement. In the electrostatic type ink jet head which makes an ink droplet 
breathe out from a nozzle by impressing an electrical potential difference between a diaphragm and an electrode Since it 
considered as the configuration which an actuator becomes from the electrostatic type actuator manufactured by the 
manufacture approach of either claim 2 10 and 12 thru/or 14, the ink jet head of high density can be obtained by low cost. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] By the silicon oxide which turns into an insulator layer in the diaphragm substrate in which the diaphragm was 
formed, and the electrode substrate in which the individual electrode was formed, form a gap and it joins. In the 
electrostatic type actuator which said diaphragm deforms by impressing an electrical potential difference between said 
electrodes and diaphragms The electrostatic type actuator characterized by preparing the silicon oxide for joining said 
diaphragm substrate and electrode substrate directly without using adhesives, and forming said gap in said diaphragm 
substrate side. 

[Claim 2] The manufacture approach of the electrostatic type actuator characterized by carrying out patterning to the 
configuration of a request of the silicon oxide by the side of a plane of composition, and joining to said electrode substrate 
after forming the silicon oxide of the thickness it is thin about said gap with thermal oxidation at this silicon wafer using 
the silicon wafer with which the high-concentration impurity was injected into said diaphragm substrate at the plane-of- 
composition side of said electrode substrate of a semi-conductor substrate in the manufacture approach of an electrostatic 
type actuator of manufacturing an electrostatic type actuator according to claim 1. 

[Claim 3] The manufacture approach of the electrostatic type actuator which carries out patterning to the configuration of 
a request of the silicon oxide by the side of a plane of composition, and is characterized by to join to said electrode 
substrate in the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
claim 1 after forming the silicon oxide of the thickness it is thin about the need gap of an actuator by the oxidizing 
[ thermally ] method at a plane-of-composition side with said electrode substrate of this semi-conductor substrate using 
the semi-conductor substrate which has SOI structure in said diaphragm substrate. 

[Claim 4] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
claim 1 A silicon substrate is used for said diaphragm substrate. On a plane of composition with said electrode substrate 
of this silicon substrate After forming silicon oxide even in the thickness it is thin about the need gap of an actuator on 
this nitride after forming the silicon nitride used as the thickness of said diaphragm in the whole surface, The manufacture 
approach of the electrostatic type actuator which carries out patterning to the configuration of a request of the silicon 
oxide by the side of a plane of composition, and is characterized by joining to said electrode substrate. 
[Claim 5] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
claim 1 After using a silicon wafer for said diaphragm substrate and forming the silicon nitride used as the thickness of 
said diaphragm on a plane of composition with said electrode substrate of this silicon wafer, After leaving and carrying 
out patterning of the silicon nitride only to the field which forms said diaphragm, The manufacture approach of the 
electrostatic type actuator characterized by joining to said electrode substrate after growing up an oxide film even into the 
thickness which oxidizes thermally by using this nitride as a mask, oxidizes said silicon substrate alternatively, and serves 
as a need gap of an actuator. 

[Claim 6] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
claim 1 After carrying out the mask of the field used as said diaphragm by the side of the plane of composition of this 
silicon wafer to said diaphragm using the silicon wafer with which the high-concentration impurity was poured in at the 
plane-of-composition side with said electrode substrate of a semi-conductor substrate, by oxidizing by thermal oxidation 
The manufacture approach of the electrostatic type actuator characterized by removing said mask and joining to said 
electrode substrate after forming in the thickness which oxidizes alternatively and serves as a need gap of an actuator 
except the field used as said diaphragm. 

[Claim 7] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of 
claim 1 After carrying out the mask of the field used as said diaphragm on a plane of composition with said electrode 
substrate of this semi-conductor substrate using the semi-conductor substrate which has SOI structure in said diaphragm 
substrate, by oxidizing by thermal oxidation The manufacture approach of the electrostatic type actuator characterized by 
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oxidizingyalternatively except the field used as said diaphragm, removing said mask after forming an oxide film even in 
the thickness it is thin about the need gap of an actuator, and joining to said electrode substrate. 

[Claim 8] The manufacture approach of the electrostatic type actuator characterized by having left the thin film of silicon 
oxide to the plane-of-composition side of said diaphragm substrate during patterning of an oxide film, or having oxidized 
thermally again after patterning termination in the manufacture approach of an electrostatic type actuator according to 
claim 2 or 3, and forming an oxide film in a diaphragm background. 

[Claim 9] It is the manufacture approach of the electrostatic type actuator characterized by to join the oxide film of a 
plane of composition to the account diaphragm substrate of back to front which removed completely before have the 
process which said electrode substrate forms the resist pattern corresponding to said electrode on a silicon substrate in the 
manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator of claim 1, and 
performs the postheat treatment which performed the ion implantation by using this resist pattern as a mask, and forms a 
barrier layer and joining to said diaphragm substrate. 

[Claim 10] In the manufacture approach of an electrostatic type actuator of manufacturing the electrostatic type actuator 
of claim 1 After said electrode substrate deposits the polish recon film or metal system electric conduction film with 
which the impurity was poured in on the silicon substrate, The manufacture approach of the electrostatic type actuator 
characterized by joining to said diaphragm substrate after exposing the silicon substrate which forms the silicon oxide 
used as an insulator layer, forms the protective coat of a wrap configuration for an electrode pattern, etches by using this 
protective coat as a mask, and serves as a plane of composition. 

[Claim 1 1] By the silicon oxide which turns into an insulator layer in the diaphragm substrate in which the diaphragm and 
the individual electrode were formed, and the electrode substrate in which the common electrode was formed, form a gap 
and it joins. It is the electrostatic type actuator which said diaphragm deforms by impressing an electrical potential 
difference between said individual electrodes and common electrodes. It is the electrostatic type actuator which said 
diaphragm substrate is a silicon substrate of low resistance, and is characterized by preparing the silicon oxide for joining 
said diaphragm substrate and electrode substrate directly without using adhesives, and forming a gap in said diaphragm 
substrate side. 

[Claim 12] In the manufacture approach of an electrostatic type actuator of manufacturing an electrostatic type actuator 
according to claim 1 1 On a silicon side with the 1st conductivity type which the semi-conductor substrate which forms 
said diaphragm has SOI structure, and serves as a plane of composition After forming the silicon oxide of the thickness it 
is thin about the need gap of an actuator by the oxidizing [ thermally ] method, Patterning of the silicon oxide by the side 
of a plane of composition is carried out to a desired configuration by the resist. The manufacture approach of the 
electrostatic type actuator characterized by activating the ion poured in with the heat of the direct junction at the time of 
junction to a silicon substrate after performing the ion implantation which serves as the 2nd conductivity type by using 
this pattern film as a mask and forming an individual electrode in diaphragm each. 

[Claim 13] The semi-conductor substrate which forms said diaphragm in the manufacture approach of the electrostatic 
type actuator of claim 1 1 is a silicon wafer. After forming the silicon nitride used as the thickness of a diaphragm on the 
silicon side used as a plane of composition, Deposition formation of the silicon oxide is carried out on this nitride even at 
the thickness it is thin about the need gap of an actuator. By depositing the conductive film on the diaphragm substrate to 
which this resist was attached, and removing the conductive film of parts other than a diaphragm the whole resist film, 
after carrying out patterning of this silicon oxide to a desired configuration by the resist The manufacture approach of the 
electrostatic type actuator characterized by joining to a silicon substrate directly after forming an individual electrode in 
diaphragm each. 

[Claim 14] The ink-jet head characterized by for said actuator to consist of said electrostatic type actuator according to 
claim 1 or 1 1 in the electrostatic type ink-jet head which makes an ink droplet breathe out from said nozzle by equipping 
the diaphragm which forms the wall surface of the nozzle which carries out the regurgitation of the ink droplet, the 
regurgitation room which a nozzle opens for free passage, and this regurgitation room, and this diaphragm with the 
actuator which consists of an electrode which set the predetermined gap and carried out opposite arrangement, and 
impressing an electrical potential difference between said diaphragms and electrodes. 

[Claim 15] The diaphragm which forms the wall surface of the nozzle which carries out the regurgitation of the ink 
droplet, the regurgitation room which a nozzle opens for free passage, and this regurgitation room, and this diaphragm are 
equipped with the actuator which consists of an electrode which set the predetermined gap and carried out opposite 
arrangement. In the electrostatic type ink jet head which makes an ink droplet breathe out from said nozzle by impressing 
an electrical potential difference between said diaphragms and electrodes The ink jet head characterized by said actuator 
becoming either said claim 2 10 and 12 thru/or 14 from the electrostatic type actuator manufactured by the manufacture 
approach of a publication. 
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